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ABSTRACT 


The Naval Postgraduate School's Space Systems Academic Group is 
developing a satellite-based experiment to evaluate the electrical properties 
of ferroelectric capacitors under high levels of ionizing particle radiation. 
The experiment, called FERRO, is one of three experiments that comprise 
the APEX mission. The Apex mission is sponsored by the joint Space Test 
Program and will be launched in early 1993. The main processor for FERRO 
is an Intel 80C196KB 16-bit embedded controller that will perform all 
aspects of experiment control, data acquisition, and communication with the 
host satellite processor. The design of systems and communications 
software to support the experiment is presented. Functional areas 
addressed by the design include: microcontroller and peripheral 
initialization; Communication between the experiment and spacecraft 
processors; fault detection/recovery; recovery from loss of power; and 
development of an IBM PC based program to provide for pre-flight 


verification and testing of experiment hardware and software. 


) 
TABLE OF CONTENTS 

I. INTRODUCTION ..22..... 2 ee | 
A. PURPOSE. cccccicccsccssssssnersssctsssuettts0s: 05) ttt tna l 
B. BACKGROUND ..... 0c ccccccessesesesecsscestete sn en l 
1. “APEX MIssion.........0:.d:ciauiceccs cso ssssstteet tte ] 
2. Ferroelectric Devices.............. nit een, et * 
a. Bistable Polarization...............0..0....:re eee. 4 
b. Fatigue and°Ageing. )..c.s.ccs se 5 
c.. Meastiring Polarization...) Sa ES .. y 

3. The FERRO'Expenment ................. 0s 10 

a. Fatigue/Age Testin@ 22.......09ts......10.....002. 1] 

b. Ageing Tests ......20 0220 ..cdetheiessscccescscnssescetes se 0s ett) tenet ta 12 

c. Data Collection... Ile. 

4. Intel M80CT96KB Microcontroller “\2a....... 14 

A. TIMers.............s0cueetemterscivivdeecsatevets sve tas tetas 16 

b. High Speed InpawUnit....5........ceee 2 ee 17 

c. High Speed Output Wit yee... neater een ree 18 

d. Sertal Port ...5: 2008s ncccsccececs cee 19 

e. A/D Converter 2.65.3. 20 eee oe 19 

f. Pulse Width Modulator....c¢.7. 2:23 20 

g. Watchdog Timer sicccpgeecse ocd. Ses ecce te ee eee ee neers eee 2) 

h. Interrupts .....c...202csc.essc2ee esl eae 2 

5. FERRO Hardwarescc.. 2.20. cise ee 28 

A. MeMory occscccesdecch cssceedesd sles edaed cosas coe ten neni ene 24 


IMC IATTITIANO AUTON soho ccc lec osocecceccccccccciccsoccocclecececcececcoccosccauceeen...... 24 


@. eomrannanelel a] isial fae 71210 61ers 24 
CmmRemOclecinMC Oanacior INPUL CITCUIL 0. 0ficssc:....0-.sccs-cessveseeecseceecseseeense 2» 

CMe TrOciectnlene apaciror WULOUL CATCUIt Poses sos es. ...c.ecccesneeeseeseectete ees 26 

DMRS RANGER SIS OLS: 8 re ease eoyesdedsdsbaysls.cevilusssseescasecseaveceoess Dn 

LHL TNO leo eclet G1 BURG AY BUN] ins) Satan 28 
A DIBISTAIN (Gy CUR OSS opie: enlace eee eee 28 

IE Se AY ry ee Nee ate epee ks 2 Oe elec dv daenbsd eveseeeee- 28 

2, JERI COVE INVERN GT TSIEN | Tel) avn eee 20 

3), BYES OIING AR Spe eeacaeceas occa ohe cc SERENE ee eae 29 

A SS RUNG SUS eyes ae eee 30 
me NIZA ION AND RECOVERY 2c... ilicciccivnccececsessccnessvecevesceveseusneas 30 

mm INT AT TON ey vo aei ce stsccccscscoseetvasisesisvasshscncedscececoveaccovesovesernencnencnanes 3 

[2 EL RIR(O IS. TDS) CJ BC 0) | IS ee ee 34 

Fem Y Greste Oty Es IN COIN Oa see acc cce a wnsscsccannetavisonsseddeedscereducetietevedessneusess 34 

ITED TTS NG) G27 OCS Ee a5 
SOP TW ARE IMPLEMENTATION ................000c00ccccccccccsssseecssseeseevecereussseeseceeneases 36 
| NID ade, WZ 7S LOIS | UN DSc GO M4 ©]. Gea oT 

Sy, CUO ONSITE ORS i) 38 

Co TAIRIR ORG ICTS TE. TEC bl GRR as ee ae p ae 42 

1 ECU SISIUCI MEI IE TEL IIS 0] Ee en ene ne 43 

He tea CS MAITAINING ses cae csisauenueedancanvoavsioassetecesdevdevcoveaneee: 44 

2, JBI, RICO) EDS orci eater 20S TS pea 48 

Femmes nosh av Shed EVE ICD MIDE YIN tae cence ce satssascessceccvcesssdasesasctcrscncrasavsssecscavseeecs 50 
iy s@CONCLUSIONS ANID RECOMMENDATION G ............0..ccccccccccceesescesesevesccseesuees a2 
wD UE Ce) Re EINK CIES 0c ice co cee oe neen ee eee eRe eee 5B. 


APPENDIX A - FERRO EXPERIMENT HARDWARE SCHEMATIC.....00......00000.... 56 


APPENDIX B - FERRO SOFIWARE SOURCE CODE... 60 
APPENDIX C - TEST/VERIFICATION SOFTWARE SOURCE CODE ................... 15 
INITIAL DISTRIBUTION LIST cna tesey passer 89 


vi 


TABLE 1. 
TABLE 2. 
HABLE 3. 


LIST OF TABLES 


PAGS )ING JIN UE) S02 0S) aR eee 


SOC ONDINE ICI EF PRIORI TES ooo. ccscccinsrcsssesseancesvessscctvovsecaene 


FERRO COMMANDS 


e@eeeereeereeeceoeeoseeeeeeeeeetetereeeeeseeeseeeeeeeeeeeeeeoeeeeeeeeeeeseneeeoevreeeee 


Vil 


Figure 1. 
Figure 2. 
Figure 3. 
Figure 4. 
Figure 5. 
Figure 6. 
Figure 7. 
Figure 8. 


Figure): 


Figure 10. 
Figure 11. 
Figure 12. 
Figure 1s: 
Figure 14. 
Figure 15. 


Figure 16. 


LIST OF FIGURES 


APEX Spacecraft and Payload Layout..........1............0.......... nn 3 
Polarization versus Applied Electric Field ........................-.+++---+++eseseseeus 5 
Effect of Fatiguing.............:.0) ee 6 
The Sawyer-Tower Circutt).0.72.,...............1: eee vi 
Current Output for Ferroelectnce Capacitor........).0.......... 9 
FERRO Expenment Cycle). ....3.. ee 1] 
80C196KB Block Diagrani...............0.:021-- eee Ils 
High Speed Input Unit Block Diagram ........... 2200) 17 
High Speed Output Unit Block Diagram...................::..:0ccccsssscecceeessenene 18 
Analog-to-Digital Converter Block Diagram.....................0c0.ccceeeeeeeeeeees 20 
Pulse Width Modulator Block Diagram .............00.........0cccseceescc0esssseeuees ZA 
FERRO Experiment Block Diagram ....................40:0:0105--s)7- 0 28 
Ferroelectric Capacitor Input Select Circuit... ES 
Ferroelectric Capacitor Read Circuit.......... 26 
FERRO Packet Stnicture ...........0. ane. eee ou 
Receive Interrupt Flow Diagram....... ee os 


Vill 


il INTRODUCTION 


A. PURPOSE 

The Naval Postgraduate School's Space Systems Academic Group is 
developing a satellite-based experiment to evaluate the electrical properties 
of ferroelectric Capacitors in a space environment. Although ferroelectric 
devices have undergone radiation testing in artificial environments, actual 
testing in space is necessary to assure the suitability of these devices for 
space applications. The purpose of this thesis is to develop microcontroller 
software to conduct the experiment, collect data, and provide for 


communication between the spacecraft and experiment processors. 


B. BACKGROUND 
1. APEX Mission 

The experiment, called FERRO, is scheduled for launch aboard a 
joint Department of Defense (DOD) spacecraft in March 1993. FERRO is 
one of three independent experiments that make up the Advanced 
Photovoltaic and Electronics Experiment (APEX) mission. The mission is 
sponsored by the joint Space Test Program under the management of the 
U.S. Air Force. 

The objective of the APEX mission Is to collect data concerning 
the effects of a high radiation environment on selected electronic 


components. To meet this objective, three experiments will be placed in a 


low-earth, near-polar orbit for a minimum mission life of one year and a goal 
of three years. 

The principal experiment is the Photovoltaic Array Space Power 
Plus Diagnostics (PASP-PLUS) developed by the NASA/Goddard Space 
Flight Center. PASP-PLUS will determine the efficiency and performance 
limits of advanced solar cell designs under stressing space environments. 
second, is the Cosmic Ray Upset Experiment (CRUX) developed by the Air 
Force Geophysics Laboratory. CRUX will develop data to validate and 
Update analytical models used to determine the effects of high energy 
cosmic rays and trapped protons on space-borne semiconductor 
components. FERRO is the third and smallest of the experiments and will 
determine the performance of ferroelectric capacitor test devices exposed to 
long periods of radiation and high stressed operation. 

The APEX spacecraft (Figure 1) is based on the PegasStar 
integrated spacecraft bus for the Pegasus launch vehicle developed by 
Orbital Sciences Corporation (OSC). Integration and system level testing of 
the bus, launch vehicle, and APEX subsystems will take place at OSC's 
Systems Integration Laboratory at NASA Ames-Dryden Flight Research 
Facility [Ref. 1]. 

The APEX spacecraft will be placed in a polar elliptical orbit with a 
target inclination of 70°, +10°/-O0° that will provide periodic exposure to 
the lower Van Allen radiation belt. Target parameters for initial perigee and 
apogee were selected to provide a 190 +10 nmi perigee and a 1054 +100 


nmi apogee over the mission lifetime. [Ref. 1: p. 16] 
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Figure 1. APEX Spacecraft and Payload Layout [Ref. 1] 


2. Ferroelectric Devices 

A ferroelectric material is one that is polarized by the application 
of an electric field and that maintains a remanent polarization after removal 
of the exciting field. Early bulk or thick-film ferroelectric devices required 
excessive voltages to switch polarization states, but recent advances in 
thin-film technology have made the use of ferroelectric devices practical. 

Thin-film ferroelectric capacitors have been the subject of 
considerable research over the past decade due to the highly desirable 
properties these devices exhibit with respect to memory applications. These 
properties include nonvolatility, radiation-hardness, low power consumption, 
high speed, high switching endurance, and high component density. 

Ferroelectric devices have significant advantages over 
conventional nonvolatile semiconductor memory technology in many of 
these areas and this superiority makes ferroelectric memory a natural choice 
for space-borne and military applications as well as for more conventional 
commercial applications. [Ref. 2] 

a. _ Bistable Polarization 

A basic characteristic of ferroelectric Capacitors is the 

hysteretic behavior relating polarization, P, and the applied electric field, E, 
as shown in Figure 2 below. [Ref. 3] As the intensity of the electric field is 
increased, the polarization increases until saturation is reached at Pg. If the 
electric field is subsequently removed, a remanent polarization, P,, remains. 
When the polarity of the electric field is reversed, similar characteristics but 


of opposite polarity are exhibited. The two zero-field values of remanent 


polarization, +P,, are equally stable and thus result in the ability to provide 


nonvolatile storage of binary information. 
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Figure 2. Polarization versus Applied Electric Field [Ref. 4] 


b. Fatigue and Ageing 

Ferroelectric devices are affected by two primary forms of 
functional degradation: fatigue and ageing. Standard definitions of these 
terms have not yet been established, so working definitions for the purpose 
of this discussion will be described below. 

Fatigue is defined as the symmetric loss in remanent 
polarization that results from repeated application of electric fields [Ref. 4]. 
The fatiguing effect results in vertical compression of the hysteresis loop as 


shown in Figure 3. Periodic alternating electric fields are often intentionally 


applied to ferroelectric materials to establish a measure of the material's 
"fatigue limit" or the point at which the performance of the device is 
seriously degraded. | 

Ageing is defined as the symmetric or asymmetric loss in 
remanent polarization that occurs under conditions of zero applied electric 
field following an initial polarization of the material [Ref. 4]. The original 
polarization levels may sometimes be restored by cycling the device through 


many polarization reversals by applying an alternating electric field [Ref. 5 ]. 
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Figure 3. Effect of Fatiguing [Ref. 4] 


Experiments to measure the effects of ageing usually consist 
of polarizing the device and waiting for a specified time before measuring 


the remanent polarization. Since the effects of fatiguing and ageing are 


similar, tests to measure the effects of each phenomenon are usually 
conducted independently. 
c. Measuring Polarization 

Polarization, unlike voltage or Current, cannot be measured 
directly. The Sawyer-Tower circuit shown in Figure 4 provides a simple 
method for the indirect measurement of polarization of ferroelectric 
Capacitors [Ref. 6: p. 2/0, Figure 1]. The Sawyer-Tower circuit consists of 
an integrating or sense capacitor placed in series with the ferroelectric 
Capacitor. The value of the sense capacitor, C,, is normally chosen to be 


four to five times the capacitance of the ferroelectric Capacitor. 
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Figure 4. The Sawyer-Tower Circuit [Ref. 4: p. 19] 
The charge, q, on the upper plate of the sense Capacitor, Cg, 
(Figure 4) can be calculated from 
ee. (1) 
where C, is the capacitance of the sense capacitor. Since this charge is 


equal and opposite to the charge on the lower plate of the ferroelectric 


Capacitor, the polarization, P, of the ferroelectric capacitor can be 
calculated from 
q 


San (2) 


where A is the cross-sectional area of the ferroelectric capacitor. Thus, by 
combining equations (1) and (2), the polarization of the ferroelectric 
Capacitor can easily be determined by measuring V,. I[Ref. 4: p. 20] 

Unfortunately, connecting measurement equipment to the 
Sawyer-Tower Circuit will affect the charge distribution, thereby making the 
measurement invalid. This makes it impractical to determine the state of the 
ferroelectric capacitor statically as described above. Instead, a method 
involving the application of a "read pulse” to the Sawyer-Tower circuit is 
used. This method will be explained in detail in the discussion that follows. 

Independent of their ferroelectric effects, ferroelectric 
Capacitors have the properties of standard dielectric capacitors. When an 
electric field is applied to the capacitor, a charging current flows that is 
proportional to the dielectric constant of the material. If the polarization of 
the ferroelectric capacitor before applying the electric field is in the same 
direction as the field, only this charging current will flow. 

If the ferroelectric capacitor was polarized opposite the 
electric field, a larger current flows that is the sum of the charging current 
of the capacitor and the switching current caused by reversing the polarity 
of the ferroelectric material. Thus the polarization state of the capacitor 
before application of the electric field can be determined by the amount of 


current flow through the capacitor when the field is applied. It should be 


noted that the ferroelectric capacitor will be polarized in the direction of the 
applied field after the read operation. Therefore, similar to the operation of 
dynamic RAM, reading the state of the Capacitor destroys the information 
stored in the capacitor. [Ref. 7: p. 213] 

Figure 5 shows the Current through a ferroelectric Capacitor 
for the four possible conditions. Note that the capacitor is polarized in the 
negative direction before the pulse train is applied. When voltage pulse P is 
applied, a polarization reversal is caused resulting in a larger current pulse. 
Pulse U causes no polarization reversal and only the smaller charging current 


flows as illustrated by curve U. 
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Figure 5. Current Output for Ferroelectric Capacitor [Ref. 7: p. 213] 


Similar results occur for the negative pulses as shown by 
curves N and D. If, due to fatigue or ageing, the ferroelectric Capacitor is 
not fully polarized in a given direction, the current pulse will lie somewhere 
between the P and U or N and D curves. 

When such pulses are applied to a Sawyer-Tower circuit 
arranged as previously discussed, the sense Capacitor will integrate the 
Current pulse and the voltage V, (Figure 4) will be proportional to the area 
under the appropriate curve as shown in Figure 5. Thus by measuring the 
voltage across the sense Capacitor, it is possible to determine the 
polarization state of the ferroelectric capacitor. A fixed reference direction 
(positive or negative) for all read pulses is normally chosen. 

It should be noted that the Sawyer-Tower circuit is used only 
for reading the polarization state of the ferroelectric capacitor. The sense 
Capacitor should be switched out of the circuit when an electric field is 
applied to polarize the ferroelectric capacitor in a given direction. 
Additionally, the sense capacitor should be in a fully discharged state before 
being connected to the ferroelectric capacitor. Both requirements are easily 
met by simply grounding the sense node when polarizing or writing to the 
ferroelectric capacitor, and removing the ground when reading. 

3. The FERRO Experiment 
The objective of the FERRO experiment is to measure the fatigue 
and ageing response of integrated ferroelectric capacitors as they 
experience high levels of ionizing particle radiation. FERRO contains a total 
of 32 ferroelectric capacitors divided into four groups of eight referred to as 


devices under test (DUTs). Two DUTs will serve as the test group. They 
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will be located outside the shielding of the housing subsystem and receive 
the maximum radiation dose possible. the other two DUTs will serve as the 
control group and reside inside the shielding of the housing subsystem. 
Each group is further subdivided so that one DUT will undergo both fatigue 
and ageing tests, while the other DUT will go through only the ageing tests. 
The experiment is executed in 21-day cycles as shown in Figure 6. The 


cycles will be repeated until the end of the experiment. 


= ae 


Fatigue 6 Days 


Age 21D 
Age 1 Day | oe he 


Fatigue 6 Days 


Age 1 Day 


Fatigue 6 Days 
Age 1 Day 





ae ~ 
a End Cycle a 


ee 
Figure 6. FERRO Experiment Cycle 


a.  Fatigue/Age Testing 
One DUT from each of the control and test groups will 
undergo a combination of fatigue and age testing. Three identical seven-day 
subcycles of fatigue/age tests will occur each experiment cycle. During the 


fatigue phase of testing, a 5 kHz, 10 volt peak to peak bipolar squarewave 


Aol 


will be applied to the DUTs with the sense capacitor of the Sawyer-Tower 
circuit switched out (sense node grounded). 

The fatigue phase will continue for six days with a short 
pause every 24 hours to polarize and then sample the remanent polarization 
of each ferroelectric Capacitor using the Sawyer-Tower circuit. Two data 
points will be collected for each capacitor. First, a negative pulse is used to 
write to the ferroelectric capacitor, followed by a read using a positive 
pulse. This data point will provide a measure of the negative remanent 
polarization. Using opposite polarities for the read and write pulses ensures 
that polarization reversal will occur during the read process. For the second 
data point, the polarity of the read and write pulses are reversed to provide 
a measure of the positive remanent polarization. 

On the seventh day of each fatigue/age subcycle, the DUTs 
will undergo ageing tests that are identical to the ageing tests for the ageing 
DUTs described below, but limited to 24 hours in duration. The 24-hour 
period of ageing tests will allow for tests using the first 23 time intervals of 
Table 1 to be completed. 

b. Ageing Tests 

The other DUT in each of the control and test groups will 
undergo only ageing tests for the 21-day experiment cycle. Each ageing 
test will consist of writing to the ferroelectric capacitors and waiting a 
specified ageing time before reading the capacitors. The read and write 
pulses will be of opposite polarity, as in the fatigue testing, and the 
polarities will be reversed each experiment cycle. The ageing intervals for 


the 30 ageing tests done each experiment cycle are shown in table 1. 


eZ 


The cumulative time to complete all 30 ageing tests is 
approximately 20 days, 7 hours, but the ageing test cycle was rounded to 
21 days to keep the fatigue/ageing and ageing test cycles in 
synchronization. This also allows the test events to occur at fixed times in 


relation to the 24-hour clock. 


TABLE 1. AGEING INTERVALS (seconds) 


ce Data Collection 












Each fatigue or ageing measurement will be an analog 
voltage that must be converted and Stored in binary format. In addition to 
the ferroelectric capacitor measurements, internal and external temperature 
will be measured and recorded regularly. This data, along with other 
experiment status information will be uploaded to the APEX processor 
periodically. The APEX processor will collect data from all three 
experiments and relay the data to earth. Radiation dosimetry data will be 


provided along with the FERRO experiment data. 
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4. Intel M80C196KB Microcontroller 

The M80C196KB 16-bit microcontroller was chosen as the 
processor for the FERRO experiment. Details of the selection process are 
discussed in Reference 8. The M80C196KB8B is a highly integrated single 
chip device that incorporates many commonly used peripherals. The 
processor is a member of the CHMOS branch of the MCS-96 family and 
shares a common architecture and instruction set with other members in the 
family such as the 8096. The CHMOS devices have enhancements to 
provide higher performance at lower power consumption than the other 
devices in the family. 

A radiation-hard version of the processor is not available. While 
there is no data concerning radiation tolerance or single-event-upset rate for 
the chip, the fabrication process used by Intel for their military products has 
been shown to exhibit high total dose thresholds [Ref. 8: p. 59]. 

A simplified block diagram of the M80C196KB is shown in Figure 
7. The CPU has a register-register architecture and most operations can be 
quickly performed from or to any register. A 256-byte register space 
includes a 232-byte general-purpose register file that can be accessed as 
bytes, words (16 bits), or double-words (32 bits). Control of on-chip 
peripherals is accomplished through Special Function Registers (SFRs), 
which make up the balance of the register space. 

On-chip peripherals include a full duplex serial port, an A/D 
converter, a pulse-width-modulator,up to 48 I/O lines (depending upon 
which peripherals are used), a high-speed I/O subsystem, two timers, and a 


watchdog timer. 
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Figure 7. 80C196KB Block Diagram [Ref. 9: p. 4-1] 


dks: 


The 80C196KB has an addressable memory space of 64 Kbytes. 
The 256 bytes from OOOOH through OOFFH are used for the SFRs and 
register file, while the locations between 2000H and 2080H are reserved for 
interrupt vectors and a chip configuration byte. A pin that is asserted on 
instruction fetches is provided to allow decoding of more than 64 Kbytes of 
addressing space. If used, this signal will allow for 64 Kbytes of code space 
and 64 Kbytes of data space. 

The 80C196KB can be runtime configured to operate with either a 
16-bit or 8-bit data bus. For 16-bit bus cycles, Ports 3 and 4 contain the 
address multiplexed with data. For 8-bit bus cycles, Port 3 is multiplexed 
with address and data, while Port 4 contains only the most significant byte 
of address. The bus width can be changed every bus cycle. Several modes 
of bus control are available to match a wide variety of external peripherals. 
This versatility reduces the external interface circuitry required. 

Additionally, the 80C196KB supports a bus exchange protocol to allow 
other devices to gain and return control of the bus. 

a. Timers 

Two 16-bit timers are available on the 80C196KB. Timer1 is 
a free-running timer that is incremented every eight state times (sixteen 
system clock periods). Timer may be used as a reference for both the HSI 
and HSO units. An interrupt can be generated when the timer overflows. 

Timer2 counts both positive and negative transitions on its 
selected input. It can be configured as either an up counter or down 
counter. Timer2 can be reset by hardware, software, or the HSO unit. 


Either Timer1 or Timer2 may be used as a reference for the HSO unit. The 
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maximum transition speed is once per State time in Fast Increment mode 
and once every eight states otherwise. The value of Timer2 may be 
captured into a designated register by a rising edge on an external pin. An 
interrupt can be generated by the capture operation. Interrupts can also be 
generated by crossing either the OFFFFH/OOOOH boundary or the 
7FFFH/8000H boundary in either direction. 

b. High Speed Input Unit 

The High Speed Input (HSI) unit, shown in Figure 8, can 

Capture the Timer1 value when an event occurs on one of four input pins. 
Four types of events may be specified: rising edge, falling edge, rising or 
falling edge, or every eighth rising edge. A FIFO and holding register allow 
up to eight events to be recorded before they must be read. The HS! unit 
Can generate interrupts in three ways: when a value moves into the holding 
register (1.e. data is available), when four events have been recorded, or 


when six events have been recorded. 
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Figure 8. High Speed Input Unit Block Diagram [Ref. 9] 


c. High Speed Output Unit 
The High Speed Output (HSO) unit can schedule and 
generate events at specified times based on Timer1 or Timer2. A block 
diagram of the HSO is shown in Figure 9. These events can be scheduled 
to occur once, or to be recurrent, with minimal CPU overhead. Up to eight 
pending events can be scheduled and stored in a Content Addressable 
Memory (CAM). One CAM register is compared with the timer values each 


state time. 
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Figure 9. High Speed Output Unit Block Diagram [Ref. 9] 
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One CAM register is checked each state time to determine If 
an event should be initiated. The minimum time resolution of the HSO is 
eight state times since all eight CAM registers must be checked. Events 
that may be scheduled include: starting an A/D Conversion, resetting 
Timer2, setting four software timers, and switching six output lines. 


Interrupts can be generated by any of these events. 
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d. Serial Port 

The 80C196KB provides an onboard serial port with one 
synchronous mode and three full duplex asynchronous modes. Two of the 
asynchronous modes are designed for interprocessor communications. 
Double buffering is provided for both the transmitter and receiver. Baud 
rates are generated with an independent 15-bit counter based on either the 
system clock or the Timer2 clock. 

The serial port may generate one of three maskable 
interrupts: Transmit Interrupt (Tl), Receive Interrupt (RI), or SERIAL. A 
SERIAL interrupt is generated on both transmit and receive cycles, while TI 
and RI are generated on transmit and receive respectively. 

e. A/D Converter 

The 80C196KB's built-in A/D converter is shown in Figure 
10. It consists of an 8-channel multiplexer, a sample-and-hold circuit, and a 
10-bit successive approximation analog-to-digital converter. 

Any one of the eight analog input pins (shared with Port OQ) 
can be sampled under the control of the A/D Command register. 
Additionally, the conversion process can be scheduled using the High Speed 
Output (HSO) unit. The result is a 10-bit binary representation of the ratio 
of the analog input voltage divided by the analog reference voltage, Vper. 

The conversion process can take either 91 or 158 state 
times depending upon whether a prescaler bit is used. The prescaler is 
necessary if higher clock speeds are used, to allow time for the comparator 
to settle during the conversion. An interrupt can be generated upon 


completion of the conversion process. 
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Figure 10. Analog-to-Digital Converter Block Diagram [Ref. 9] 


ae Pulse Width Modulator 

The Pulse Width Modulator (PWM) generates a variable duty 
cycle pulse that repeats every 256 or 512 state times depending upon 
whether a pre-scaler (divide by 2) is enabled. A block diagram of the PWM 
circuit is shown in Figure 11. An 8-bit counter is incremented every state 
time. When the counter overflows, the output is set high, when it matches 
the PWM register, the output is set low. The duty cycle of the output 
waveform is determined by the value in the PWM register. Applications for 
the PWM include generating motor drive control signals and performing 


digital-to-analog conversion. 
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Figure 11. Pulse Width Modulator Block Diagram [Ref. 9] 
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g. Watchdog Timer 
The Watchdog Timer allows for graceful recovery from a 
software fault. When enabled, the watchdog will initiate a hardware reset 
unless the timer is cleared by software before it overflows. The 16-bit timer 
is incremented every state time; thus the programmer must ensure that 
under normal operation, the watchdog timer is cleared at intervals not to 
exceed 64K state times. 
h. ‘Interrupts 
The 80C196KB microprocessor has 28 sources of interrupts 
mapped onto 18 vectors. Table 2 shows the interrupts and their priorities 
with 15 being the highest priority and O the lowest. The interrupts are 
individually maskable with the exception of the Nonmaskable interrupt, the 


Unimplemented Opcode interrupt and the Trap interrupt. Interrupts may be 
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globally enabled or disabled by changing a flag in the Program Status Word. 


several instructions are provided to control the state of this flag. 


TABLE 2. 80C196KB INTERRUPT PRIORITIES [Ref. 8] 
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When an interrupt is detected, the corresponding bit is set in 
one of two interrupt pending registers. Interrupts are processed after the 
instruction that is currently executing is completed (instructions are 
indivisible). If the interrupt signal does not occur prior to four state times 


before the end of the instruction, the interrupt will not be processed until 


ZZ 


after the following instruction. The maximum interrupt latency, based on 
the longest instruction, is 61 state times. When the interrupt vector is 
taken, the appropriate bit is cleared in the interrupt pending register. 

5. FERRO Hardware 

The basic design for the FERRO experiment hardware is presented 

in Reference 8. Several changes have been made to the initial design and 
the updated schematic diagram ts included as Appendix A. The major 
components of FERRO include the 80C196KB microcontroller, a 
Programmable Peripheral Interface, static Random Access Memory (RAM), 
Read Only Memory (ROM), temperature sensors, analog drivers, analog 
switches and multiplexers, and the ferroelectric capacitors (DUTs). Figure 
12 is a block diagram that shows the relationship between the major 


components. 
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Figure 12. FERRO Experiment Block Diagram 
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a. Memory 
The microcontroller memory consists of 32 Kbytes of ROM 
and 8 Kbytes of static RAM. The ROM is used for program storage, while 
the RAM is used as a scratchpad and for temporary storage of status and 
experimental data. The ROM Is mapped to the lower half of the memory 
space. A radiation-tolerant 32-Kbyte ROM chip was chosen for the 
experiment. The system RAM consists of a radiation hard silicon-on- 
sapphire 8-Kbyte static RAM chip. The chip select logic was modified from 
the original design to provide for more flexibility in adding memory devices. 
Up to four 8 Kbyte memory devices are allowed for above program memory. 
b. Communication 
The FERRO experiment will communicate with the APEX 
Spacecraft processor using the 80C196KB serial port. A packet switching 
protocol will be used for APEX to send commands to FERRO and for FERRO 
to send status and experiment data to the spacecraft processor. The EIA 
RS-422 two-way differential hardware interface is used with no hardware 
handshake lines implemented. 
c. | Programmable Peripheral Interface 
The Programmable Peripheral Interface (PPI) is used to 
extend the number of output pins available to control the analog switching 
and multiplexing circuitry. A radiation-hard version of the 82C55A is used 
which provides three 8-bit ports. The original design called for the input to 
the PPI to be provided from Port 1 on the 80C196KB. This would have 
required interface control signals to be generated by the microcontroller 


under software control. A memory-mapped interface to the PP! was chosen 
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instead. The memory-mapped interface requires memory decode logic to 
generate the chip select, but has no software overhead. 
d. Ferroelectric Capacitor Input Circuit 

The PWM and HSO circuits on the microcontroller generate 
pulses to fatigue, read, and write the ferroelectric capacitors. A block 
diagram illustrating the select circuitry for one of the four DUTs is shown 
below in Figure 13. Analog drivers provide isolation and provide for both 
positive and negative pulses. The PWM generates a continuous train of 
pulses for fatiguing. Switches are provided to either apply the fatigue 
pulses to the ferroelectric capacitors or to ground the input of the 
Capacitors. Read and write pulses are generated by the HSO. Analog 
switches select the output of either noninverting or inverting amplifiers to 
apply positive or negative pulses. Fatigue pulses are applied to DUTs 1 and 


2 only, while read and write pulses are applied to all four DUTs. 
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Figure 13. Ferroelectric Capacitor Input Select Circuit 
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e. Ferroelectric Capacitor Output Circuit 
The analog voltage output from the individual Sawyer-Tower 
Circuits associated with each ferroelectric capacitor is applied through a 
series of analog multiplexers to the analog-to-digital converter on the 
80C196KB. Figure 14 below shows a block diagram of the output circuit 


for a typical DUT. 
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Figure 14. Ferroelectric Capacitor Read Circuit 


When enabled during a read operation, the Sawyer- Tower 
Select switches will remove the ground from the bottom of the ferroelectric 
Capacitors and switch in the sense capacitors. When not enabled, the 
switches ground the bottom of the ferroelectric capacitors. In addition, the 
sense capacitors are removed from the circuit and discharged. The eight 


Sawyer-Tower circuits for each DUT are operated as a unit. 
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The outputs of the Sawyer-Tower circuits are applied to 
eight 4:1 analog multiplexers that select output signals from the proper 
DUT. An 8:1 analog multiplexer then selects the desired channel from the 
eight available inputs. It should be noted that only one channel of the 
analog-to-digital converter is needed to measure any of the 32 ferroelectric 
Capacitors. 

The analog-to-digital converter on the 80C196KB can 
convert only positive input voltages. Since the output from the selected 
Sawyer-Tower circuit will be negative for negative read pulses, an inverting 
operational amplifier is switched in for these conversions. A noninverting 
buffer amplifier is selected for positive voltages. 

f. Temperature Sensors 

Four temperature sensing circuits are provided to monitor the 
ambient temperature of the DUTs during the experiment. Two thermistors 
are mounted adjacent to the external DUTs and two are mounted adjacent 
to the internal DUTs. Changes in the thermistor's resistance are sensed by 
an operational amplifier circuit that produces an output voltage proportional 
to the temperature of the thermistor. The circuits sense temperatures over 
a range of -40°C to + 70°C with an accuracy of +1°C. The output of the 
sensing circuit is applied through a buffer amplifier to the analog-to-digital 
converter on the 80C196KB. Each of the four sensing circuits have a 


dedicated channel on the analog-to-digital converter. 
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II. SOFTWARE REQUIREMENTS 


A. DESIGN GOALS 

The Intel 80C196KB microcontroller will perform all aspects of 
experiment control, data acquisition, and communication with the host 
satellite processor. The design of the FERRO system and experiment 
software should not only meet the specifications of the experiment; it 
should maximize the probability of the successful conduct of the experiment 
given the hardware design. To meet this overall objective, the following 
design goals for the FERRO software have been established in order of 
precedence: reliability, ease of maintenance, flexibility, small size, and 
speed. 

1. Reliability 

since the experiment will be conducted in space, reliability of the 
software is of primary importance. It should be thoroughly tested and error- 
free before the experiment is delivered for spacecraft integration. Critical 
regions where interrupts could result in nondeterministic program behavior 
should be identified and accounted for. A conservative approach should be 
taken with respect to hardware timing constraints wherever possible. 

In addition to the reliability of the software itself, the reliability of 
the hardware components should be considered in the software design. 
Since the APEX spacecraft will be in a high-radiation orbit, the possibility of 
single-event-upsets (SEU) and hard faults must be considered and allowed 


for within the constraints of the selected hardware. The design of the 
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software should provide for fault detection and recovery and should allow 
for redundancy where possible. Cost and availability have limited the use of 
radiation-hard components, so the radiation-hard components that were 
chosen should be used for permanent storage or backup of data. 

2. Ease of Maintenance 

Both during the development cycle and after completion, it is 
important that the software be easy to maintain. The software design 
should allow for changes to be integrated efficiently and without introducing 
error. The software should be easily understood by follow-on programmers 
and engineers. 

To meet this goal, the design of the software should be kept 
simple and straightforward. Modular design and structured programming 
concepts should be used extensively. A high-level language should be used 
wherever possible. Documentation of the program should be thorough, 
clear, and concise. Constants and variables with descriptive names should 
be used to make the code easier to read and understand. Future expansion 
and changes in specifications and hardware should be anticipated and 
allowed for in the design where practical. 

3. Flexibility 

The software should give the ground crew as much flexibility as 
possible in controlling the experiment. The more options available to the 
ground crew, the more likely they will be able to adjust to the demands of 
unforeseen events and changes that may occur during the conduct of the 


experiment. The extent of the flexibility provided may ultimately be limited 


29 


by the hardware design, but this concept should be kept in mind throughout 
the design of the software. 

4. Size and Speed 

Size and speed are not overriding considerations in the software 

design for this experiment, but these attributes will be optimized when doing 
So does not compromise the other design goals. While this may not provide 
direct advantages, keeping the code small and fast may give rise to side 
benefits such as allowing for redundant code or a more flexible command 


STRUCTUTE: 


B. INITIALIZATION AND RECOVERY 

The FERRO software is responsible for initializing and configuring the 
80C196KB microcontroller and the onboard peripherals when the experiment 
is powered on. Externally, the 8255 Programmable Peripheral Interface 
must be initialized and the analog switches and multiplexers must be set to 
apply ground to the ferroelectric capacitors. Once initialized the program 
will stand by for commands from the spacecraft processor to start the 
experiment. 

Since the FERRO experiment is considered a noncritical load on the 
APEX spacecraft, it is possible that the experiment may be shut down for 
periods to conserve power. In this event, orderly shutdown and recovery 
procedures must be provided to allow the experiment to continue when 
power can be restored. Experiment state information and any data that has 


been collected should be sent to the spacecraft processor. 
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In the event of an unforeseen loss of power or in the case of a soft 
fault causing the watchdog timer to time out, the software should recover 


gracefully and wait for further commands. 


C. COMMUNICATION 

The FERRO experiment will communicate with the APEX spacecraft 
processor using the OX.25 packet-switching protocol. The data will be 
transmitted as asynchronous bytes at a data rate of 9600 bits per second 
with one start bit, one stop bit, eight data bits and no parity. OX.25 is 
based on the Motorola X.25 protocol and is fully described in Reference 10. 


Figure 15. below shows the packet structure. 


SIZE DESTINATION | SOURCE CONTROL DATA CHECKSUM 


Figure 15. FERRO Packet Structure 


The flag is a single byte, O7EH, that signifies the start of the packet. If 
a flag character occurs as data within the packet, an extra flag character 
will be inserted into the data stream as the packet is transmitted to serve as 
an escape sequence. When the packet is received, the extra flag character 
must be removed. Any single flag received in the packet following the first 


byte is an error and the packet must be ignored. 
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Multi-byte integers can be stored by computer systems in two ways. 
The values may be stored with the most significant byte (MSB) first (at a 
lower address) with the remaining bytes following in order of significance. 
This is referred to as big endian format. Another format, called little endian, 
stores the bytes in reverse order with the least significant byte first. In both 
cases the address of the first byte is used to refer to the value. 

Microprocessors normally use one of these formats. Values must be 
stored in the specified format to be operated on correctly by the processor. 
Values can be converted between the two formats by simply reversing the 
order of the bytes. 

The two-byte size field specifies the length of the data field. The field 
is stored using big endian format. The source and destination fields are 
two-byte codes specifying the source and destination addresses of the 
packet. If FERRO receives a packet with an address that does not match 
the FERRO address, the packet must be ignored. All packets sent by FERRO 
will have the APEX spacecraft address specified in the destination field. 

Only two bits of the two-byte control field are implemented for this 
experiment. The ACK request bit (bit 3) is set to request an 
acknowledgment packet in response to the command. The ACK response bit 
(bit 2) is set in the packet sent in response. All commands sent by the 
Spacecraft processor will have the ACK request bit set and thus will require 
a response. 

The two-byte checksum field is used to detect errors that could occur 
during transmission. The checksum encoding and decoding algorithm is 


specified in Reference 10 and is presented below. 


Sy 


Assume: 
Len is the length of the packet. 
P is an array of length Len with elements numbered from O..Len-1. 


CO and C1 are one-byte checksum accumulators. 


Encoding Algorithm: Decoding Algorithm: 
Initialize: Compute: 
P[Len-1] = P{Len-2] = OQ; fori:= OtoLen-1 do 
COr—-C 1s—_0; CO-=—'CO + Pill; 
Compute: Cir =. CO + Cl: 
fori:= Oto Len -1 do Result: 
Cor — CO =] Pili: Checksum is valid if both 
Glee — "C0" + Cle CO and C1 are zero. 


Store results: 
P[Len-2] := CO- C1; 
P[Len-1] := C1 - 2xCO 


If an invalid checksum ts received, the packet will be ignored. 

The spacecraft processor will initiate all communication in the form of 
commands to the FERRO processor. Commands will all have a four-byte 
data field with the first byte containing a code specifying the command. 
The remaining three bytes can contain supplementary data with any unused 
bytes set to zero. FERRO will respond either with a packet containing the 
requested data or with an acknowledgment packet. 

If the spacecraft processor does not receive a valid packet in response 
to a command, the command will be reissued. Transmission of the 
response packet must be completed within two seconds after FERRO 
receives the command or the spacecraft processor will assume the 


command will not be acknowledged. 
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D. ERROR DETECTION 

The FERRO experiment will be required to operate in a harsh 
environment over a long period. Use of the watchdog timer for detecting 
catastrophic errors will prevent the microcontroller from being locked in an 
infinite loop. In addition, methods for detecting more subtle errors are 
necessary to ensure the integrity of the data gathered. Both the program 
firmware and the experiment data buffers should be checked for errors 
periodically. In the case of a soft fault, recovery can be initiated and the 
experiment can continue. In the case of a hard fault, recovery may not be 


possible. 


E. EXPERIMENT CONTROL 

The experiment will be conducted under software control as modified 
by commands issued either from the ground or automatically by the 
spacecraft processor. The software will initiate and control the fatigue and 
ageing cycles of the experiment as defined in Table 1 and Figure 6. 
Ferroelectric capacitor, temperature and status data will be collected at 
appropriate times and sent to the spacecraft processor when commanded. 
The spacecraft processor will temporarily store the data and periodically 
downlink the data from all three experiments to the ground station. 

A real-time experiment clock will be maintained to act as a reference 
for experiment events and to time-tag data. The experiment clock will be 
referenced to the spacecraft universal time and will be synchronized to 


universal time periodically. 
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F. TEST/VERIFICATION 

A system to simulate the spacecraft processor will be required for 
testing during software development and for verifying the functional 
operation of the experiment at delivery. The system must be able to 
transmit all commands that can be issued by the spacecraft. It must also 
receive the responses from the experiment hardware. The responses will be 
displayed and evaluated for accuracy. The system should allow a 


permanent log of the testing to be saved for later analysis. 
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II. SOFTWARE IMPLEMENTATION 

The Intel iC-96 C compiler was chosen for development of the FERRO 
software. The compiler provides for easy and direct manipulation of the 
microcontroller's SFRs while maintaining the advantages of a high level 
language. A number of pragmas, or directives to the compiler, are available 
to give the programmer precise control over the resources offered by the 
80C196KB microcontroller. The compiler also supports in-line assembly 
language for use where speed is essential. Reference 11 gives a complete 
description of the compiler and relocatable linker. 

An IBM PC based development system with an 80C196 emulator was 
used for testing and debugging during software development. The emulator 
is discussed in Reference 12. A pod that plugged into the processor socket 
on the experiment prototype board allowed the emulator to interface with 
peripherals as they were added to the board. The system provides for 
emulation of both ROM and RAM. Features of the system include software 
breakpoints, single and multiple step operation, and easy access to SFRs 
and memory. 

Almost all variables are stored in RAM in order to take advantage of 
the radiation-hard component used. Only variables used in operations 
where time is a consideration are stored in registers. A compiler pragma is 
used to disable the storage of variables in registers except when explicitly 
declared. The source code for the FERRO experiment is included as 
Appendix B. The source was divided into several files by functional area for 


organizational purposes and to allow for changes to the code to be made 
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without recompiling the entire program. A make utility was used to aid in 


the compiling and linking of the source files. 


A. INITIALIZATION AND RECOVERY 

Initialization routines for the microcontroller and programmable 
peripheral interface are called immediately after the experiment is powered 
up. The 8255 is set to provide three 8-bit output ports for analog switching 
and multiplexer control. Initial values are sent to the ports to ground the 
ferroelectric Capacitors. 

A compiler pragma statement sets the Chip Configuration Byte (CCB). 
The CCB is loaded into the Chip Configuration Register whenever the 
80C196KB is reset and on power up. For FERRO, the CCB is set for an 8- 
bit bus width and to use the Address Valid Strobe bus control signals. 
These settings were chosen to be compatible with peripherals used. 

The serial port is initialized to provide asynchronous communications at 
9600 bits per second. The baud rate is based on the system clock of 
4.9152 MHz. The value for the baud register can be calculated from the 


formula shown in equation (3). 


system LlOck | 
System Clock 1 (3) 


SEEDS Lee ane Fae 


The most significant bit of the 16-bit baud register must be set to 
select the system clock as the reference. Substituting values into equation 
(3) and setting the MSB yields a value of 801FH. The value must be loaded 
into the baud register as two sequential bytes, with the low byte loaded 


first. This method is obscurely described in one sentence of Reference 9 
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and was discovered only after several hours of frustration. Once the serial 
port is initialized, the receive (RI) interrupt is unmasked and interrupts are 
enabled. 

The HSO Software Timer O is set to initiate an interrupt every 0.125 
seconds. The interrupts are used to update the real-time clock for the 
experiment. Timer 2 is the reference for the HSO commands that implement 
the real-time clock and an HSO command is used to reset the timer each 
time the interrupt is generated. These commands are all locked in the HSO 
CAM to produce the desired periodic interrupts without further processor 
overhead. 

The Timer 2 Clock input is derived from the CLKOUT pin of the 
80C196KB. The CLKOUT pin supplies a 50% duty cycle clock signal at 
one-half the system clock frequency. This signal is applied to a 4-bit 
counter (see Appendix A) that is used to divide the frequency by 16. The 
resulting frequency provides one transition every eight state times which is 
the maximum clock frequency that should be used as a reference for the 
HS: 

Once initialization is complete, a wait loop is executed until the first 
command is received from the spacecraft. The watchdog timer is enabled 


and is reset each time the wait loop is executed. 


B. COMMUNICATION 
Packets carrying commands from the spacecraft processor will be 
processed by an interrupt driven routine. A flow diagram describing the 


algorithm, to receive and validate the packet is shown in Figure 16. 
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Figure 16. Receive Interrupt Flow Diagram 
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When the serial port receives a byte, the RI interrupt flag is set and 
control is transferred to the receive interrupt service routine. For all 
interrupt routines, the compiler generates code that disables interrupts and 
pushes the PSW and interrupt mask registers on the stack. The interrupts 
are globally disabled and the interrupt mask registers are cleared. The 
programmer must explicitly re-enable interrupts if they are to be serviced 
during the interrupt routine. Interrupts are enabled upon exiting the 
interrupt routine when the PSW and mask registers are restored. 

The only interrupt, besides the receive interrupt, that the FERRO 
software uses is the software timer that updates the real-time clock. A 
decision was made not to enable interrupts during the receive interrupt 
processing due to the short time (approximately 0.2 msec average, 1 msec 
worst case) spent in the receive interrupt routine. 

Each call of the interrupt handler will process one byte of the packet. 
The serial port status register is checked each time for stop bit and overrun 
errors. The packet is immediately discarded if any error is indicated. Once 
the packet is discarded, the spacecraft processor must retransmit the entire 
packet. If no error is detected, the byte is retrieved from the serial buffer 
for further processing. 

The packet is assembled in a memory buffer as the individual bytes are 
received. An index is used to point to the next buffer location to be used. 
The index also indicates the position within the packet of the byte being 
processed. 

When the index is zero, indicating the start of the packet, the routine 


ignores any character other than a flag character. Once the flag is received, 
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it is stored in the buffer and the index is incremented. Flag characters 
occurring after the first byte must be processed to determine if they are part 
of a valid escape sequence. The escape sequence consists of two 
consecutive flag characters and is used to indicate the occurrence of a flag 
character within the body of a packet. 

A boolean variable, State, is used to detect the occurrence of an 
escape sequence. State is initialized to false. When a flag character is 
received in the body of a packet, State is set to true and the routine ends, 
awaiting the reception of the next byte. If the next byte is a flag, State is 
again inverted; a valid escape sequence has been detected and a single flag 
character is entered into the buffer. 

Receiving a character other than a flag when State is true indicates 
that a single flag has been encountered. When this occurs, it is assumed 
that the flag marks the start of a new packet. Any previously received data 
is discarded with the exception of the last two bytes: the flag and the byte 
that was just received. Since the byte just received is the second byte of 
the new packet, the index is set to point to the second location of the 
packet buffer and the byte is stored. 

When the second and third bytes of the packet have been received, 
the length of the packet can be calculated. As mentioned previously, the 
size field is stored in big endian format and thus must be converted to little 
endian format to be used by the 80C196KB processor. The overhead 
length, consisting of the sum of the header and checksum lengths, is added 


to the converted data field length to yield the total length of the packet. 
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This value is used to detect when the last byte of the packet has been 
received. Once the entire packet has been received, the destination field is 
checked to ensure that it matches FERRO's address and the checksum is 
validated. The packet is discarded if either check fails. If the packet is 
valid, the command byte (i.e., the first byte of the data field) is placed in the 
command list to be processed. The command list is a circular queue with 
space for up to three pending commands. 

Acknowledgment and data packets are transmitted to the spacecraft 
processor using a simple busy-wait loop that waits for the transmit-buffer- 
empty bit to be set in the serial port status register. If a flag character 
occurs within the body of the packet, a second flag is inserted in the data 
stream to indicate an escape sequence. The double-buffering feature of the 
serial port transmitter is used to transmit the second flag. The watchdog 
timer is reset after each byte is transmitted to ensure the timer does not 


overflow when long packets are transmitted. 


C. ERROR DETECTION 

The watchdog timer can detect catastrophic errors that Cause a 
deviation from the normal program flow. During normal program operation, 
the software will reset the watchdog timer at intervals that will prevent the 
timer from overflowing. Any error that affects the program flow in a 
manner that prevents the reset from occurring within the normal timeframe 
will result in a reset of the 80C196KB microcontroller. 

After the processor is reset, the initialization phase will be conducted 


and the experiment will have to be restarted by a command from the ground 
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crew. If the error is not permanent in nature (i.e., due to an single-event- 
upset), the experiment Can carry on with only a minor loss of data. A 
permanent fault may result in the same watchdog failure thereby precluding 
the continuation of the experiment. 

Errors that occur during communication are detected with the two-byte 
checksum as specified in the OX.25 protocol. The checksum routines can 
also be used to detect errors that may occur during data collection. This 
feature was not ready in time to be integrated into the software for the 
experiment, but the method will be described here. 

A checksum of the data buffer is calculated and stored each time data 
is collected. Just prior to the next data collection event the checksum 
validation routine is called to ensure that the data in the buffer remains 
unchanged. If an error is detected, a flag is set and a time tag stored so 
that the data in question can be identified. Another option would have been 
to discard the questionable data by clearing the buffer, but keeping the data 
and allowing the decision to be made on the ground provides for more 


flexibility. 


D. EXPERIMENT CONTROL 

Once FERRO has started, the experiment will be conducted according 
to a preset schedule. Scheduled events will be initiated by the experiment 
contro! routines at specified times. FERRO's real-time clock will be the 
reference for all scheduled events. 

Overall control of the experiment will be accomplished by commands 


issued either by personnel on the ground or automatically by the spacecraft 
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processor. These commands will control the initiation and shutdown of the 
experiment, the downloading of experiment and status data from FERRO to 
the spacecraft processor, and will allow for limited testing of the FERRO 
hardware and software without signals being applied to the ferroelectric 


Capacitors. Table 3 shows the FERRO commands. 


TABLE 3. FERRO COMMANDS [Ref. 1] 


|Data Dump | OTOH i spacecranal 
/End Test Mode |) 10200 9 SS es Sie 
sinitialize | 0301) Fs ee craic 
Restart | O40H_|Cycle__| Cycle Day| —* | Ground 
Shutdown) 5 OS0R/ | ce rcuncae 
SoH ____/_o7oH_7_~_|__7__}_~__}_Spacecratt_ 
esti Modes Coc ia ea |e | Ground _ 


Lc Pe A = 
Spacecraft 
(el la 
Time Tag | Time Tag Spacecraft 
Galina 4, a P 
Time Tag | Time Tag Spacecraft 


* Indicates that FERRO will ignore these bytes. 









1. FERRO Commands 
The Initialize command is used to start the experiment and should 
be issued only once during the conduct of the experiment. An acknowledge 
packet is sent to the spacecraft processor and the command is removed 
from the command list. The Cyc/e and Cyc/eday variables are initialized to 
one and zero respectively. Cyc/e counts the number of 21-day experiment 


cycles conducted; Cyc/eday indicates the day within the cycle. Setting 


Aw 


Cycle to zero allows the first day of the cycle to begin at midnight of the 
day the Initialize command is sent. 

The Initialize command must be followed immediately by a Utime 
command to set the real-time clock. Utime is really a sequence of three 
packets: the first specifies the Utime command, while two parameter 
packets are used to carry the time from the spacecraft. The time-tag value 
is defined as the number of seconds since January 1, 1980. The 32-bit 
value is sent in big endian format and thus must be converted. Only the 
number of seconds elapsed during the current day is needed by the 
experiment, so the excess is stripped using the modulus operation. The 
resulting value is used to set the real-time clock. 

The real-time clock is implemented as a double-word (32-bit) 
variable that is incremented each second. The clock value indicates the 
number of seconds that have elapsed for the current day. Software Timer O 
is used to update the clock. Since the interrupt for this timer occurs at 
0.125 second intervals, a bit is shifted through a register to count eight 
interrupts before incrementing the clock. The clock is reset to zero each 
day at midnight. Cycle and Cycleday are also updated at that time. 

The Utime command is the only method to set the real-time clock. 
The command will be sent immediately following the Initiate and Restart 
commands to set the clock initially. In addition, the spacecraft processor 
will send the Utime command once every twenty-four hours to ensure the 
experiment clock remains synchronized with the spacecraft clock. When 


the clock is set, a critical region is established by globally disabling 
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interrupts before altering the value. This is necessary because it takes more 
than one instruction to store the double-word variable. 

The Restart command is similar to the Initiate command except 
that it is used in case the experiment was shut down or the processor was 
reset. The second and third bytes of the data field in the Restart packet 
contain values to set Cycle and Cycleday. The Restart command is issued 
by the ground crew who must determine where in the experiment cycle to 
restart the experiment. Again, the Utime command and two parameter 
packets must immediately follow to set the real-time clock. 

After either the Initialize or Restart command has been executed, 
control is passed to an experiment executive control routine that manages 
the conduct of the experiment. The routine consists of an infinite loop that 
checks if a command packet has been received or if a scheduled experiment 
event is due to occur. Additionally, the routine initiates collection of 
temperature data every 32 seconds. 

The Data Dump command Is issued by the spacecraft processor 
once each day, two minutes before midnight. FERRO will respond by 
transmitting a packet containing the ferroelectric capacitor data collected 
during the day. As the polarization of the capacitors is measured according 
to the experiment schedule, the data is stored in a designated buffer where 
the data dump packet is assembled. 

Although the number of measurements each day varies, the 
length of the packet is fixed. Separate sub-fields for fatigue and ageing 
data are allocated within the data field. The size of each of the sub-fields is 


determined by the number of measurements accomplished during the first 
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day of an ageing cycle for either the fatigue or ageing DUTs; 23 reads of the 
16 capacitors requires 368 bytes. The cycle-number and cycle-day are 
included in the data dump packet to identify the data. 

The State of Health (SOH) command causes FERRO to respond 
with a packet containing experiment status and temperature data. The 
spacecraft processor will issue the SOH command once each minute. Data 
from the four temperature sensors is collected every 32 seconds and is 
stored the SOH packet buffer. 

A flag in the SOH packet is used to indicate when the experiment 
is in test mode. When the SOH command is received, a time tag is obtained 
by reading the value of the real-time clock. The value is converted to big 
endian format and transmitted with the packet. More significant status 
reporting was planned, but was not implemented in time to be tested. 

Commands to enter and exit test mode allow for limited testing of 
the FERRO hardware and software. While in test mode, all commands are 
received and acknowledged as they would be during normal operation, but 
signals are not applied to the DUTs. This capability allows both FERRO and 
the interface to the spacecraft to be tested without affecting the capacitors. 

The Shutdown command is used if power must be removed from 
FERRO after the experiment has started. When the command is received, — 
FERRO responds by immediately transmitting an SOH packet followed by a 
Data Dump packet. After sending the packets, the real-time clock is 
disabled to prevent further experiment events from occurring and fatiguing 
of the ferroelectric Capacitors is stopped. The experiment can be resumed 


after power is restored by issuing a Restart command. 
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2. FERRO Experiment Events 

A preset schedule of events is used to carry out the 21-day 
experiment cycle that is described by Figure 6 and Table 1. Scheduled 
events include the initiation of a fatigue cycle, writing to and reading from 
DUTs for ageing, and taking measurements from DUTs after periods of 
fatiguing. These events are scheduled to occur during the appropriate day 
of the experiment cycle at a time relative to the real-time clock. 

When the real-time clock is updated, a list of times for events to 
occur during the present cycle-day is scanned and compared to the clock 
value. If a match is found, the event code is placed in a pending list. The 
experiment executive control routine will then cause the event to be 
executed. 

A fatigue cycle must be initiated at the beginning of each 21-day 
experiment cycle and must be reinitiated following ageing of the fatigue 
DUTs. Fatiguing is started by enabling and configuring the PWM to produce 
the 5 kHz pulse train and setting the analog switches to route the signal to 
the appropriate DUTs. Fatiguing is stopped by disabling the PWM and 
disconnecting the DUTs. 

Fatiguing of the ferroelectric capacitors in the two fatigue DUTs 
will be stopped briefly each day, just before the Data Dump command is 
expected, to collect data. Two data points will be collected for each of the 
sixteen Capacitors. First, a positive write pulse will be applied to the 
Capacitors followed by a read operation using a negative read pulse. The 


sequence will then be repeated with reversed polarities. 


48 


The HSO unit is used to generate the read and write pulses and to 
schedule the A/D conversion process to occur during the read pulse. Both 
the read and write pulses are one millisecond in duration. The pulse length 
was chosen to ensure that the circuitry in the path to the A/D converter has 
ample time to settle before the line is sampled. The write pulse could be 
shortened considerably, but keeping the pulses the same length had no 
impact on the experiment timing. 

For reading the fatigue capacitors, the A/D conversion is 
scheduled to start 120 state times before the end of the read pulse. This 
ensures that the conversion process will be complete before the pulse ends. 
The A/D conversion is scheduled differently for the ageing read process and 
will be discussed below. After all of the capacitors have been read, the 
fatigue process is resumed. 

At the start of an ageing cycle, an initial write to the DUTs being 
aged must be performed. After the first ageing period, the capacitors will 
be read and the read operation will be immediately followed by a write 
operation to store the value for the next ageing period. ThiS sequence will 
be repeated until the ageing cycle is complete. 

The read operation for ageing must be different from the one used 
for fatiguing because the capacitors in each DUT are connected internally on 
the input side. This, in conjunction with the design of the switching circuit, 
dictates that all eight capacitors in the DUT are subjected to any read and 
write pulses applied to the DUT. This does not impact the fatigue data 
collection since a write operation is performed immediately before each read 


operation. Each capacitor is written to and read from twice; thus 32 pulses 
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are applied to all eight capacitors in the DUT although only four are 
pertinent to each one. These few extra read and write pulses applied to the 
Capacitors are insignificant compared to the number of fatigue pulses 
applied. 

The problem with using a separate read pulse for each capacitor 
for ageing measurements is that the read pulse for one capacitor will 
effectively act as a write pulse to the other capacitors in the DUT. These 
capacitors will be repolarized in the direction of the read pulse and thus the 
ageing data would be invalid for all but the first capacitor read. The 
polarization measured from these capacitors would be the result of the 
previous Capacitor's read pulse rather than the write operation performed at 
the beginning of the ageing period. 

The solution to this problem is to apply a single read pulse to the 
DUT and conduct all eight A/D conversions in sequence during the pulse. 
The CAM is not large enough to schedule all eight A/D conversions, so only 
the first is scheduled and a busy-wait loop is used to conduct the remaining 


seven conversions in succession. 


E. TEST/VERIFICATION 

An IBM PC based software program designed to simulate the 
spacecraft processor was used for testing during FERRO hardware and 
software development and to verify the functional operation of FERRO when 
the experiment was delivered for integration to the spacecraft bus. The 
program uses the PC's RS-232 serial port for communication with FERRO 


via RS-232 to RS-422 level shifters. 
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The program was developed using the C compiler included with 
Borland C++. The compiler offers access to the operating system and PC 
BIOS calls necessary to directly control the serial interface. The integrated 
development environment offers a program editor, project manager, and 
source-level debugger. A windowing and menu library was used to provide 
a user-friendly interface for the program. The source code for the test and 
verification software is included as Appendix C. 

Pull down menus provide selections to set communication parameters 
including baud rate, number of data bits, parity, and number of stop bits. 
These parameters can be saved in a configuration file so that future 
sessions will default to the chosen setup. Other selections initialize or reset 
the serial communication port, allow recording of all communications in a 
log file, and send command packets to the FERRO experiment. 

All FERRO commands can be sent by the software and prompts are 
provided for the user to supply data for the Parameter packets when setting 
the real-time clock. The outgoing packet is displayed in one window and 
the response from FERRO is displayed in another. The packet is parsed and 
labeled for display so that the packet header, data field, and checksum can 
be distinguished. The status of the checksum validation is displayed 
following the checksum field. 

A record of all communication between FERRO and the test/verification 
software can be saved in a log file. A menu selection toggles the logging 
feature on or off. The user can select a file name for the log file or use the 


default file name. 
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IV. CONCLUSIONS AND RECOMMENDATIONS 

several goals set at the beginning of software development were only 
partially met. The most significant shortfall was in the area of error 
detection. Additionally, a complete test of the FERRO software on the 
experiment hardware was not completed prior to delivery of the experiment. 

When software development for FERRO began, the specifications for 
the communication interface between the experiment and the spacecraft 
processor were immature in several areas including the command structure, 
universal time format, and use of the control field. Software development 
had to proceed before these specifications could be firmed up to meet the 
schedule for delivery of the experiment. 

Additionally, several specifications including the length of the size, 
source, and destination fields were changed well into the software 
development cycle. These factors resulted in extensive changes to routines 
that were already functional and tested. A significant amount of time was 
spent making these changes and debugging the inevitable errors introduced 
by the changes. As a result, several planned features were not 
implemented in the FERRO software. It ultimately became more important 
to get something that worked out the door rather than add and test 
additional features. 

A method for performing checksum validation of program memory and 
the data collection buffers periodically would ensure that SEUs and hard 
faults caused by radiation exposure do not go undetected. This error 


checking in conjunction with storing multiple copies of the program code in 
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ROM would allow the experiment to suffer multiple faults and still be able to 
complete the mission. 

The checksum validation routine used for communication was designed 
so that it could also be used to check either program memory or the data 
collection buffers. The proposed method for checking the data buffers was 
discussed earlier. To implement error checking for the program code, a 
checksum for a specified area of program memory would have to be 
calculated off line and stored in ROM at the end of the program code. 
Periodically, the checksum validation routine would be called to validate the 
program memory. 

If an error was detected, a flag would be set and a system reset 
conducted. The program start-up code would recognize the flag (registers 
are not cleared by a reset) and would call a different copy of the experiment 
software. There would be areas of the software that could not be 
duplicated (i.e., the start-up code), but this type of error checking and 
recovery mechanism could significantly increase reliability of the experiment 
software. 

Another area that could be improved is the command interface. The 
command structure evolved through the many specification changes and the 
result is not as clean and efficient as originally envisioned. One possible 
improvement would be to implement the command decision tree with a state 
matrix. Rather than ignoring illegal commands, a flag could be set in the 
acknowledge packet so that the that the spacecraft processor would not 
simply retransmit the command. More status and mode information should 


be included in the SOH packet. Additional information could be used by 


on 


ground personnel to take appropriate corrective action should problems 
occur. 

Finally, the format of the data packet could be improved to make it 
easier to extract and reconstruct the experiment data to conduct analysis. 
A variable length data packet with tag or label fields for each group of 
Capacitor data would be more efficient and would make it easier to 


positively identify the data. 
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APPENDIX A - FERRO EXPERIMENT HARDWARE SCHEMATIC 

This appendix contains the schematic for the FERRO hardware. The 
80C196KB Microcontroller and the 82C55 Programmable Periperheral 
Interface are shown on sheet 1. Also shown on sheet 1 is the chip select 
logic, the clock circuitry and the A/D converter input multiplexor for reading 
the ferroelectric capacitors. 

Sheet 2 shows the driver amplifiers and switching for applying read, 
write, and fatigue pulses to the capacitors. The sense capacitors and 
Sawyer-Tower switches for DUTs 1 and 2 are also shown. 

Sheet 3 shows the sense capacitors and Sawyer-Tower switches for 
DUTs 3 and 4. The temperature sensing circuitry is split between sheets 2 
and 3 as are the DUT select multiplexers for reading the ferroelectric 


capacitors. 
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APPENDIX B - FERRO SOFTWARE SOURCE CODE 

The source code for the FERRO software is divided in to several files 
based on functional area. FERRO.H contains all global definitions and 
macros and all function prototypes. All global variables are declared in 
GLOBALS.H. INIT96.C contains all of the initialization routines, while the 
bulk of the command and event processing routines are in COMMAND.C. 
The communication routines are located in PACKET.C and CHECK.C. 
EXPER.C contains all of the routines to read and write to the ferroelectric 


capacitors and read the temperature sensors. 


60 





/~ Ss4dS 96h JO SUOlytUljap ,/ 


/» PASM aq 02 JISUI 9 S,YIS Ey MO}}E y/ 
4 H°LINIG69 «/ 
H°LINI96) soweus)ly 








<YU°96L208> 9pNyouly 

€ YIpimqe, ewbesdy 
8S yIGuajebed eubesdy 
08 Y3pimebed ewBesdy 
(4) ]apow ewBesdy 





ZL°6L 2661/62/80 





61 


>(PLOA)HILJIIUWLY PLOA 
/(PLOA)BOpm PLloA 
*(PLOAG6ILUL PLOA 
-(PLOA}ULeW PLOA 


€OXO B ({+pwoyxau) = pwdyxau — OyIdOd 2ULjJePH 
dou wse ‘dou wse ‘dou wse ‘dou wse wy} YOd LIVM euljsapy# 


LUCUCTTUUVCTCTECUTETECUTTTTUVUTUUTUVTT OT TE SM) TTT ETT CTTT TT TT TT CTT TST Te TT 


Je 2°9GUUL y/ ls yutod puosas ¢° xoidde ye 4913 Joy sew x/ OLXO JISIIVH PULJOPH 

/gantesuneunannannnnanennnn SIDALOLOUd NOILINAS vasevyeeeneeveeenaeeneaeenneny/ /~ Spuodas 2¢ AJada duiay a6 0} spuodas ysSeW x/ 310 ASVWdWIL PULJOPH 
/_ =Pyaly JOJUOD yayoed Ul 31q asuodsay yDY »/ 8OX0 SNdS3Y XIV SUL sopH# 

- LX¥dVLYOC /s yeys ds ul Ayduia Jaz zlwK Jo} aNjeA 1G y/ 80X0 — _JXL aul syopy# 

:(zJwns> sey peubisun han 31qQ 339}dWOD AUOD d/y Je@2)9 02 YsSeW ,/ GjXQ dWOD OV YD GUlsapy 

-(gggJezepe seys paustsun /~ 31Q YdnsJa3UL 33a)dWod AUOD G/y Jo} # IIE ,/ L0X0 dWOD GY aUulsapy 


I PUUUTUNUTUCTUTUCTUVUCTCCUN TTT TC TUTE TTT SXSVW Lig OTT CTCCETOTETEeTeTeTTTtT TT? TA 


- [ggg] erepy Jey>s paubisun 
-Aepa)}2A> seys paubisun 


23}9A9 Jseyd paublsun ls S9JEYS 16 Speeu AUOD Q/y x/ StL-IHONS 3WIl O¥ 2UlsoPH 
“peay Y30v3H ls A@jap puosasosoww OZ 4/ GZ+IHLYVLS d¥ LSYIJ FUlLsopH 
} yonsys yapadAy /s Mo} 06 02 Q°OSH JOJ JUNOD ZJaWIL w/ NTIS INd+IHLYVLS IHONZ @UL apy 
/,_ asynd aatyisod yo yseys Joy yuNoD ,/ S IHLYVIS eULsapy 
“LxdNIV | Dasw , JO} JUNCD {JaWwIL x/ €tE NIISINd Plsapy 
:(ZJuns> se8y> peublsun /aunenunenununnn SNOILINISIO 3SINd OSH LNIWIYSdXS vesevsaeyaeeneenannennnnnny/ 
‘pwd yoe seyd peubisun 
-peay Y30V3H /s Aep auo UL Spuosas jo ¥ ,/ 100798 AVGINO 9Ul JopH 
/, adNJonsys JyaxDed ye ,/ )  3oNIIs sapadAy Ie SpuodasS GZ," JO} JUNOD 2 sows) ,/ 0096X0 OOIYIdNIIL GUlsapy 
/ananeasunenanennnun SNOLLINISSO XI019 LNSWIYSdXS vanevnenenennvennnenaennnn ee 
-LxdHOS { 

:(2Jwns> sey> paubisun l AN] 2ULJapy 
/, aseds ,/ [gz] 03 deo seyo paubsjsun 0 INJAZTINN aULsapy 
/_ qwiy sd& ,/ (9) 8wi3 seyd pasubisun 9 lvi LYS eULJapy 
‘Aepa}9A2 seyds peubysun S l¥4j_0y eUl apy 
23]9A9 seyd paubsisun » 239¥_0Y eUL apy 
7snyeys seys peaubisun ¢ L39y¥ GY euLJapH 
> [yJ]dwe, seys paubisun 2 Z239¥_1YM SUL sapH 
:peay Y30v3H /s S2pod UaAg y/ 1 LJ9V LUM aul apy 
} yoNJys jyapadAy /~  SJNOY 0000 240Jaq Saynulw 2/, 3 2 x/ 0S298 I3WIiL LVI GY GULsopH 
/_ S2)NPeyIs JUIZAI Pus OJ Pasn yueysUOD ,/ $4444334dXQ0 =SQNODISXVYW BULJOPF 
- *Y3Z0V3H Jeunannsnnananenanan SNOLLINISIO LN3AZ LNSWIYSdIXS seavenevaveneaneeneneennnen/ 

20) J439 seyd paubisun 

/4 P)aly yOsIUOD ,/ Sty yJ39 Jeyd paubisun 
0)" 28 Jeys peauBbisun he apisyno ,/ € ZINGIY FULsapy 
/_ Plat} YUOLIeULYSap ,/ :ly JS Jeyd paubi sun Te apisul ,/ | LLINGIDY FULJaPH 
:0]_3Sap Jey> paubysun /s aPlsyno x/ 2 2indlys 2Uljopy# 
/_ Plats} BIINOS ,/ ‘iy JSap seyos paubysun ls apysuy ,/ 0 LINDLYJ FULJopy 


:0}_azls Jey> paubisun /eunaneunnavesesnensuneseensennnn SINSANDISSY LN snavvevevvnunennneseeneeene! 
ty aZys syd paubysun 


-6e)43 Jseys paubisun 


J 9JAQ MO] BZ4S y/ 
J» 23Aq YBLY azis y/ 
Ja 32X00 w/ 

} 3onNsIS japadAy 


Jeunnueeueanenenenenananaenn SIUNLINUIS LIX vavenvavevaveneneeennnennneann! /s pyaty azys dwnp eyep yo a3Aq 0} ,/ 93X0 O1_3ZISdWO 9Ul soapy 
Is Plays azts dwnp eyep yo a3A4q TH y/ Z0X0 IH JZISdWO aU! soapy 
“3WIL ¢ /s yaxIed yy Uy SezAq BIep jo # y/ 1 JZISNIV BULSapH 
= 091 3nq Jeys paubysun le yaxaed HOS UL SazAq elep yo # ,/ 6£ IZISHOS 29ULsOpPH 
S998 6uo}) peublsun 

} uolun jyapadAy 1 3INYL FUL sapy 
0 3S ivi euljsop# 
lx "(UBLpUS 3}II1] “"9°h) y¥/ Is Paty yOsUOD Joy xapul ,/ l G14_ 1419 aUulpyapy 
Je JEWIOJ BHEJOYS |IQeLIEA 34Q-ZE JeUIFIU} OF BWI $d) JI@AUOD 0} pa|sN ,/ / pjaly voy yeulysap so} xapuy ,/ ¢ 013 1$30 auljapy 
Janunuunpanenenannnnsneeanennennnee NOIND JW L seseeeneee eee /s Ple}} G2UNOS Joy KaPUl ,/ S O14 JUS GULsOPH 
| yax9ed yo pyaly yybua) yO Kapul y/ 1 N3id aulsapy 
03X0 YSL3IWVYYd aus yapy Is yayoed azis wnwixew yO yy6ue7 4/ OOOL+OVSHYSAO  LINIVd XWW FULJapy 
ovxo IWLLN aul sapy Is wnsy2ay> snjd sapeayq ,/ 2+N37 OV3H GV3HYSAO Ul sapy 
0X0 LYUVLSIY SUL jJopz ls Japeay yaxoed 4O yybua7 y/ 6 N3] OV3H PUlLJop# 
0S*0 NMOGLNHS eU}jJopH /s Pl OYY3I $O 93AQ MO] ,/ L0*0 O1_GISdN 2ULJOPH 
O2X0 JGOWLSILONZ PUL apy | P} oyyay $0 a3Aq YBIY y/ 0X0 IH GISdN Ul sapy 
060 JOOWLSIL SU} sapH /s 6e)3 ulbeaq yax9ed y/ 3ZX0 QV1J eUlsapy 
02*0 HOS #U}jJop# /ununununnuvesenennanennanean SNOILINISIO LIXNIVd pevvvevevveveeneneeeeeenan ey 

OLXO dWNGVLY¥a eULJep# 
O£€XO JZIVWILINI utjsopy Jn SI)QeLIeEA JOY SJ9YSIGEI asn 3,U0g ,/ aAsasuozGes ewhesdy 


Jauneeneeneeanennnanannne SIGOD ONYWWOD LNIWIYSdXS wy veeeeeneeenenennenn nnn! 


(O = £ & (O8XO 3 0} 31NSeI pe)) GNNOY PUlsOpF 
OS-Zt 2661t/1£/80 t 


/~ H°OUNSI »/ 





H°Oudss soWeUa)ly 0S:2t 266L/1£/80 





H°OUNZI sowed) 4 


62 


*(PtOA)3S9 PLOA 

[(U9]) Wy pau6|sun "Jayoed, sey pauBisun)wnsd PljeA YU} 
hcyng, Jey? pauBisun)wnsy2ay2 ayndwod Poa 

fa 2°499YD 4/ 


!(ynq, Jey paubssun)yax2ed puas Ploa 
S(PLOA)JayxIed ADJ PLOA 
/_ 9° 3ax9e0 5/ 


'(jas_ 3np seyd pauE1sun)Inp a3tJM PLOA 

'(sadynq , seyd pauBlsun ‘ded3 seyd pauBisun_‘ynp Jeys peu6 1sun )9n613e}396 POA 
{(4ydjng, seyd paubisun )}as np Jeyo pauBisun)6ulabe peas PLoa 

?(p10a)sdway 336 PloA 

S(proA)asjnd peas a6 pPloa 

!(PLoajasjnd peas Poa 

S(pyoa)yasjnd a3tJm Poa 

!(PLoa)anBl3eydOys POA 

2(PLOA)SNB1IeZIIEYS PLOA 

/s 2° 4sadxa ,/ 


/_ P2ysay you mau y/ =! (PLoA)aw}} Peas PLOA 
S(PLOA)SWLIN 9S PFOA 

!(seyo pauBssun)puewwod soy 31eM PLOA 
2(PLOA)JUZAB OP PJOA 

‘(peayp, seyd pau6isun)dwnp puss Poa 

S(puw> sey paubisun)yxIe puss POA 

*(PLOA)YOS Puss PLOA 

/(PloA)Jadxa UNJ PLOA 

/_ 2*pueUo? ,/ 


S(PLOA)YOS J}2 PLOA 
>(PLOA} JING JF PLOA 
S(PLOA)JSWLY JIBAUOD PLOA 
s(PLOA)JOWLI JLUL PLOA 


H°ONdss soweus)t4 OS:2t 266t/t£/80 





63 


/~ AJ UO JNQU UL 9YAq YX9U 0) SyULOd ,/ 
le aAlavas uo yayxIed JO pua jo xapul ,/ 
Te yayoed paalazas POY 0} 4J3j3jNqQ ,/ 


/, sdesy jo BuinBiyey Bulyqeua/sip » Be)3 ,/ 


/~ WLI Sd BUlYsaAUOD JO} JBes0YS dweay ,/ 


/s H°OUNss Ul peulyap sadAy 


:(pzquaaa ‘gz uUIsAa 

'6| JUaAa ‘gijuaaa ‘Zs, yUaAa ‘QL JUaAa 
‘SS ‘gt uae ‘gp Use *Zpyuane 
[JIUGAa “QLIUIAe “63UaAa = gjUaAa 
(22UaAa | 9UaAa "g3UaAa '7yUaAa 
‘squaaa ‘'2\UaAa ‘1 YUIAD 'QIUIAD) = 


293e84S Jey peuBblsun Ja sibel 


43d ADJ Jeyo pauBblsun sa3si6as 
:3Nqoa_seys pauBysun Ja3siBbau 


!(139¥Vd XVW) NGI Jey? pauBisun 
*Sd¥2 3NDI Lvs JUL pauBlsun 


-Sd9 3WIL 


:y3nq dup Lydvivo 


2yNq 498 LydNOV 


-¥NQ -YyOS 1LyxdHOS 
9JINJINIYS JO UOLYese}I9g ,/ 


()UaAa YsuOD , JeYD pauBisun 3ysuo02 


PS EELIII ALAS ELI ASE LEEL ESTATE IESE EET LSE SELLE EY CEREAL LD tera pena 
"39}9AD y 

ie JUuawisadxa ayy yo sAep 42 942 Jo} SISt]} JUaAD ayy jo ABsue Ue SWIOY ,/ 
| eRe EEEEEN ER EEERERMEMUMEMMMEMEEEEE EERE REMMEEEEEEMEREEE ERE RMB ER RNR EE! 


/s 


*(230V_ au "239V_ au’ 5) au 
'239¥_ au *Z39V_ au’ RE). ea0V_ au "239V_ au 
230W_ au peauve au eel au ‘239¥_ au ce) au 
"229v au’za9v au'239v au’za9v au’z39v ay 


239v au’z39v au’zaov au’z39Vv ay "239V gu’ g39V LUM) 
-{1¥4i Gu L39V¥_a4u) 

C1W4_ _au) 

C1Vd_ ~ au) 

‘C1Wd ~au) 

“C{1y4d au) 

*C1¥d_ gu’ vd 1Y1S) 

ts "239¥_ au *239¥_ au’ (439¥_ au’ '239¥_a¥ 
'290V_ au’ *239¥_ au 239¥_ au *239¥_ au’ '239v_au 
"239V_0u' ‘239V_0u (e30¥_ au cava au ‘230¥_ au 
*239v au’z239v au’za9v au’z3aov au’z3ov ay 


239¥ ay¥’239V ay'z39v Ou’ 239¥ au'z39v aU "239v LUM) 
-C1V4 _ad)> 
“{1W3 ~ ad) 
“{1¥3_au) 
“Civ gud 


{) |Z ueAa 
(0z3uUaae 
(]6| JU9Ae 
{) 9g 3uara 
(J) Z, uae 
() 9, Uae 
{) Sp 3uaaa 


() yp yUsAs 
() €| Uae 
(] Z| 3UsAe 
() |p uaaa 
(JO, uUaAe 


“C1Vd— ay’ L3Q2V¥ dy) = ()63uUsA9 


“Clv3 Qu ‘1W3 1yls) 

*€239¥_ au’ {e39V_ au‘ 239V_au 

icadve au’ ’239¥_ au’ "239¥_ au "239¥_ au’ ,croV_O8 
e390V_ au 2a au 2390¥_ au ’239¥_ au’ ,cad¥_ad 
"239v au'239v au’za9v au’z39v au’z3a9v ay 


"239v au’za9v ay’z39¥ au’z39V ay’ g39V gu’¢a9v LYM) 
-C1¥3 OY L39¥_au) 

-{1¥3_0¥) 

-Clvd au’ L39v_0u) 

-C1V3 _au) 

C1Vi_ _ay'L39v_au’ ,bsov_ au) 

_ *Civs_aa'b39v_ ay’ L39v_ qu’ L39v_qay 

"139v Ou'L39v au’ Lao au’ LaDy au’L3ov ay 





H°S1V8O1D soweus) ly 


(] gUaAa 


() 2 UaAe 
(] 93UaA9 
() §juaAa 
() yJUaAa 
() ¢Uuaaa 
() Zz UaAa 


seyo 
JBys 
Jeys 
sey 
Jeys 
Jeyo 
Jey 


Jeyo 
seyo 
seys 
Jey 
Jeys 
Jey 
Jey 


Jeyo 
seys 
Jeys 
seys 
Jeys 
Jeys 


89 


peuBbisun 
peuBbysun 
peubisun 
peubisun 
peubisun 
peuBbysun 
peuBbisun 


pouBbisun 
pou i sun 
peubisun 
pauBisun 
paubisun 
peuBbisun 
peuBbisun 


peuBbysun 
peuBbisun 
peuBisun 
peubisun 
peub sun 
peubysun 


LL 2661 


‘y39v ON’ L39v OY’L3DV Gu’ L39vV Gu'L39V OY’ L3DV LYM) 





‘ b39¥ _04? | 39V_ ay’ |39¥_ au’ | 39v_ au’ 39¥_ou 
*L39¥ ay’ Laov au’ L39V ay’ L adv Gu’t39v ay 


(J)}3UeAS seyd pasuBlsun ysuOoD 


‘CINSAZTINN) = []Q3IUaAe seYD pauBlsun ysuos 


| UREA E EERE EE EEEEEUEENEMEMMNME MES EE EMER ES ESE REE EBMBEB BREE EERE EEE! 
/s "aynsexa ,/ 


/~ 0% YUaAA Jadoud Jy} sULWIaIaP 03 pasuasajas s! Aep ayetsdoudde ayy Jo} ,/ 
/~ ¥St) YQ UL AsQUa BULpuodsasso2 ayy ‘payreas Uaeg sey awly paynpayrs e ,/ 
/— UUM “SAUL. PayNpayIs 4O Syst) aYyX YIIM Gn YyoJew SyUBAS JO S3S}]} SLYL »/ 
leucauvnuesdU¥eeututacdebeeteScececcueus guests eeec enced ster ieee 


“(yzAep “ozdep “otdep ‘giAep 
aoe ‘gtAep *SiAep ‘ylAep ‘gtAep ‘2, Aep 
LAep ‘glAep ‘6dep ‘gdep V/Aep gAep 
cAep “»Aep ‘cAep ‘2Aep ‘LAep ‘oAep) (Jpey2s ysuoD , Bud} yYsuoD 
/ereuesesei seh eneerenesia sree AtCORusene sane nN kx asc cass leaeree: ae 
"9 ]9A9 
ye yuautsadxa ayy yo sAep [2 ay JO} SISL] FINpayIs ayy yo Aesse ue SWJO4J By 
/ eee R RRR E EERE EERE EMEEEEMME MERE EEE EEEMEMMMMEMEMENENENES ERE RMEEEE RRR EMEU EEE 


*(SQNOIISKXYW'S999Z 'S9997'S9992 


Bo SE Ee Oe 9992 
S991 SILLS oe $97 ne 
ai Er Si" $7 S 
Polo ct 105 = ()|zAep Buo} ysuos 
* (SQNOJISXWW aati vd OY *¢90S2) = (JozAep Buo} ysuOoD 
-{SONOISSXYW' SWIL_1lv4_Gu> = ()6,Aep Buo} ysuos 
= {SQNOIISXYH | JHI11_1v4_ 04> = [)gLAep Guo) ysuOos 
/{SQNOIISXVW' 3HIL_1v4_0¥) = [)ZLAep 5u0) ysuo09 
*{SQNOIISXYW IW] Lyd Qu) = (]9,Aep Bu0) ysuOs 
*{SQNOIISXVW' IWIL Lv4 ay ‘o)? = ()$LAep Buo0} ysu0s 
*{SONOIISX¥W' sae Ae S97E7 $9992 
‘S999| 'SO9LL ae S997 ak 
S991 otter 94" S99 ae 
9 
cL OL Sag 0) = ()%1Aep 6u0} ysuo9 
!(§0N093SXVW" JW1L_iv4s_ay) = ()¢,Aep Buo} ysuos 
‘{SQNOIISXWW'3WI_1¥d_aY) = ()2lAep 60} ysu09 
-{SONOISSXWW’ SWI1_1V¥43_aa) = C)LLAep Bu0}) ysuo2 
*{SONOIISKVH" “Iwi L lv4 ae = [)0,Aep 6uo} ysuos 
*(SONOIISXWW'SWIL Lv¥d_dy'S99S2) = [)64ep Buo) ysuos 
= (SONODISKVH IIL vj ay = [)gAep Buo} 3SuU02 
*{SQNOIISXWW ' S999Z ‘$9997 ‘$9992 
S999L SIDLL S99L°S997 aye 
*S99L’ SILL" ane S97 $92 
"S94 Sth 2,81 $2, 
L9 if L'0) = ()2Aep Bu0}  suos 
*{SQNOJ3SXVW ye iv mae surek = [)9Aep Buo}) ysuo2 
*{SQNOI3SKWH! “BWI, 1vi OY) = ()sAep Buo}) ysUOD 
*{SQNOIISKWW" JWI11 1v¥3 gu’soz)> = () Aep Buo) ysuoD 
-{SONQISSXWW' WIL Lvd Gu) = ()gAep Buo) ysuod 
‘(SONOJ3SXWH" JWI 1v3 au’ $9208' 6920¢) = ()zAep Buo) suds 


-(SQNOI3SXWH’ SWIl 1lv3 au! $9992" $9997" $999¢ 


"S999| 'S99,L'S992 ‘S999 $992 
S99L sas ‘$92'°S99 $92 
coke Skt $2 $9 $2 

St OL 9°€ LO) = [)LAep GUO) ysuOd 

*{SQNOI3SXWW) = []QAep Buo} sud 


| Bu RuueERERERUEREUUESEMEREDMESMESESMESEMSNERESEMENEEMESEEUBEreaeeeeeeaueey/ 


/s SONOJSSXYH Ue ISUOD 9YyQ ,/ 
Ve Aq paysew St St} ayy yo pua ayy -Aep seuy3 JO} JNIDO 02 SyUaAD ay. ,/ 
/~ 10} Sal} pa}Npayrs jo 4yS}]} & yz SULejUOD Aesse YIbua) B)GelseA YyIeZ ,/ 
locannde ene ceeeuecueouueens cas succuseccecuss sescccvsveusuceurecsceyvsucess] 


/» S1W8019 «/ 





H°S1v8019 :sweus)l4 87=LL 2661/02/60 


64 


CZ9EEOXO=LASOYS 


"99¢¢60x0=049249)93e90) ewbesdy 
= L£yIaYyD Jeyd peuBbisun ysuos 
9 = QYIeYD seYyD PauBlsun ysuod 


/~ SJOJSA JO} WOY UL BPOD yay 02 SazAq UNSyYIaYD BULjJI9q »/ 


?(02%0 "09xQ ‘osxg ‘O¥xO} = [y}]eA 3NP Jum JeYyD PauBlsun Jsuos 


Ju 4 10 '¢°2 


L SING 02 aNjea © BulzlsM Joy SanjeA 3Y92a]9S ING »/ 


*(92X0 ‘y9x9 ‘2S5x0 'L4XxO} = [y]]@A 3NP PJ Jeyo pauBlsun ysuoD 


/x 9 JO “E°2'L SING Gulpeas Joy SanjeA 3399)aS Jamo), -JsaAmes pue Nd x«/ 
(€0090X0=SS28 132 ‘20090X0=230d)a3e20) ewbesdy 

(10099*0=q3 40d ‘09030* =@3J0d)a3e90) ew6esdy 

!¢¢z@ 132 ‘aq40d “qjsod ‘ejJsod syey>d paubisun 

/ *auay suo1yes0) Asowew ,/ 
ls 0} paddew pue pase)Iap ase Ja}yst6ay jOJ}UOD pue S3JOod 0/1 SGZB e41 +/ 
/, sdedy an6iyey = 2 ‘sdesy Gujyabe = | ,y/ /7a)2Aopegvabe sey peubisun 
/s Aepo} paynsexa speal abe jo # y/ {,a)2Aopeavabe sey> peubisun 
/_, ayNdaxa O} JSt} Ul PWD YxKdU OJ Spe uy, uydpwo seys paubisun 
/~e St} pus ul yods Aydwa yxau 03 Jad ,/ {pwoyxau seys paubisun 
/s Pwo aJO¥S 0} JasyNg JE}NIIID y/ '{9} 3st )pwos seyd peubisun 
/s paynsaxa aq 0} apod yUuaAe ,/ Jyuaae}xau seyd peubisun 
Is (Lz nyy3a L) ay9A2 e@ Upysim Aep ,/ fAepayoA> seys paubisun 
/, Jsadxa yo Buluulbaq aduts $a}IA2 jo # »/ 2a)9A2 seys paubisun 
/, CayluplW s2ULS SIaS) 4390)35 yuawisadxa ,/ ispuozsas Guo} peubisun 
/—e 29S | JO} SYIII Q JUNOT 0} JaySIBas ,/ $yot2 yeyd syaysibaJ 
abed H°S1¥8019 saweue)l4 8¥Lb 2661/02/60 





65 





:spuos9s Buo} pauBlsun UJ3a)xe 
2([] JUaAs YsUuOD , JRYD PeUBlIsuN ysuod UJIIx9 
!(}peyos ysuod , 6u0} ysuod UJayxa 
:t seyd peuBisun 
} 
(PLOA)YILJIIWIY PLOA 


PUT UTUTTUTUTUTUTTUTUTUVEVUTTTTUTUVT TUT VUCTTCTOCTTCTCCTOCTCCTTOCTTCT OCT OTT TT TA 
/s “JUBZAIIXIU 9YJ Se PIJJesUL PUE PXALIIIJII ,/ 


le Sl 9pod JUsAa 9Yy ‘PUdZIS Jey UO INIZO 0} payNpeyIs st JUsAd UE fT y/ 
/, ‘*Aep ayy Buisnp pasde)a spuosas yo saqunu ay} sjunos of spuosas ,/ 
Je YUL “2)]NPayds yUaAa ayy BULyIaYyD pue ’a)qelseA Aep 3}9AD 9y} Bulyepdn ,/ 
/_ ‘2)QBIJEA SpUodas ayy GuljuawasouL “a}qetsea yIL3 9YyI BUIZIELzZJULay Ul y/ 
y Bul3)nsay ‘yas st Gey} 3no-Asseod ayy '3p}yus YIg FYI UO °3$2) 943 02 ,/ 
ie UOLJLSOd GUO pazziYys St 31 JY} Pa}}eE2 st BULyNo adnsJajul 9yy swty ,/ 


/s YO@Z °39S GS] FYI YIM SZIPELZIUY St apqQelseA YIIY VY, “spuorVs ,/ 
ie GZ21°0 Avaaa ydnusayut Ue asned })IM O sawlL auemMzyOS “ydnuJaqU) ,/ 
de QO Joawis FseMIJOS OSH FYI JO} sapPUeY AdNJJaIUL Jy St YIIQIIWLL 4/ 
LEUUTUTETETUUTTTVTTETUETETTTT TTT ETUNETTTECETETTETTETETUTTTETELTTTETUETT TST ST) 
{ 

>(3xQ = Bopysiyem 

734X9 = Gopysiem 
} 


(PLOA)B0pM PLOA 


 FRUTUTUTUTTRTUTUTUTTCTSTUVVTUCUTUTTCTUTTCCCOCCTVTOTTCTTCTOCTCTOTCCTCCT TOTS TT 


ye *pod}]82 usYyM Jaws} Bopysjem ayy syasou uo}youN} styl »/ 
PRR TTUCUTTRTTRTTCTUUTTTUTUUTTUCTVECTCCTUTTTUTUTTTTTTCTTCCCCTOTCOTCCCCCTOTTCTT TT TA 
{ 
Ve sydnssayuy ayqeua ,/ :la_wse 
res apow 3S93 U} JON ,/ : | = SNjej3s"ynq yos 
/, sded jo an6j .e} ou at apowysay «xz 98)8} ,/ 3NYL = Sd¥2 INDILV4 
Is JajjNq aAj92au JO 348¥S 02 YUIOd ,/ 70 32 Jd ADJ 
iS $jay2ed Ul pappequa soyj4y so} 9)660) ,/ 73S 14 = 9383S 
ve peyqeus ydnusyaqu} JeAlaoeu ,/ *Z0X0 = Lysews 
ie Palqeus JdNJJa3uL Jau}3 FJeM3 30s eh *02x0 = ysew jul 
ibs | apow ‘Ayjsed ou “ajqeus Adu ,/ -69X0 = Yoo ds 
ie }}O 49)09S9Ig G/y ‘UO Ja°RIS9Id Wd »/ *490X0 = 220} 
/s O°2d 9ILA OXL 91GQGUS ,/ -02X0 =_{901 
Ta a2unos ¥}2 SB@ LIWLX 9SN --(33Aq LY) y/ ‘08X0 = 938J/ pneq 
/s (33Aq MO}) pNeq 0096 JO} JUNOD ,/ *$1X0 = eee 
“QQ = 3JIJO 
ihiKG = qjJod 
/s S3JOd GS29 SZLTELILUY y/ 70 = @3Jod 


/~e $1JOd 3ndyno ave 9 pue ‘g ’y sjsod S¢zg x/ S08x0 = $S$z9 132 
} 


(PLOA)9GILUL PLOA 


[PREC UCRTUCLTTTTUCTUCTTVTTCCTCTUCTTCOTTCCTTULOTTUVTTTCOCTVITTTUCTTT CTT CTT TTY A 
lie *SJ9qULOd PUE Sa]qelJEA Sazijelyul = y/ 


/~ PUB Gx96LI08 ay2 30 S}eJaydysad puwoquo ay3 saz}ye}ayUy UO}IIUNy S}YL  4/ 


LEUTERTUTTCT TUTE TUTTCT TTT TCT TUT TUT CTUCTTCTTCTCTOCTOCOCCOTCOTOCTTCTCT OCCT TTY 


{ 


: { 
!yeaug 
/, Spuewwod Jayjyo })e a0UbI ,/ SaW2d0d 23 )Nejap 


:yeouq 
*Q=SN3e3S"yNqG YOS 
-3S W4=Sd¥9_3ND11V4 
_ *C300W1S31)42e Puss 
CSNdS3Y NIV 9 (O13 WLD]3NGQU) 34 


soweUa)t4 





abed 2° 96LINI 99:81 2664/05/80 


/, P9AL9I9I JaqJe ased styy Ul sAeys ,/ *OWId0d 


/~ 490]9 JUsWIJadKs Jyy yueysau ,/ 


/~ Pwo jo ysed se yuas Aep ¥F 9)9 


/~ 490)9 JUawIJadKxa ayy yseys ,/ 


J» JdNssIUL swwy jos B)pPUeY OF 4912 Yas ,/ 





*JQOWLS3I1 9S89 


> CERT) 
-()Jadxa uns 
2()UaAd Op 


/, sdedy 03 syea yetziut yum y/ 2499¥ LYM = JUSAIJKOU 


J 490]9 243 39S / >()awi3n yas 
“CRIN LN)pueWWoOS JO} Lem 
J £()Jsawty Jlul 
>(Z2+4N37 GvgH}3NGQs = Aepa)dA 
>CL4N37 G¥3H}3NQs_ = 91949 

_  =CL¥¥LS9y)49e puss 
(SNdS3¥ NIV ? (Oly TULITINQI) 3t 

2 


a/ :GWId0d >LY¥VLS3y ese9 


:yeasq 
:()Jadxa_unJ 
Jy 49019 94) Jas ,/ :()awlyn yas 
*(3WILN)puewwo>s Jo} y1eM 
2()Jowly ylut 
-IN3ARTINN = 3UaA9] KOU 
°Q = Aepa)3A9 
*4_= 9]9A9 
_*CAZTWILINT) 498 puss 
(SNdS3Y NIV BF (OT TWLIDINQ) 31 
*QWIdOd 92 3ZIIVILINI ae 
( [PWI3X9U] St ]PWI)YIIIMS 


()6opm 
(puioyxau == J3dpw2)3)) 4M 
} 
(3NY1)9) 1YM 
*()yos J)9 
-()gNqQ 419 
“9 = pwozxeu 
°Q = JIdpws 
*()962tuUl 


/s PueWWOD OU 9]LYM UIdS ,/ 


ie Ja3j3nq yos yea} ,/ 
Ie Jajjnq e1ep sea}2 ,/ 


=[2yNqs yeys pauBlsun usayXx9 
*Sd¥I INDILVI 34! peUBlsuN Usayx~a 
-t ut 

} 

(PLOA)ULeW PLOA 


I PUTUCUUTRARTTTTUTTUTUTTCUCTUTTUCTVIVTUCUTUTUCTTTTTTCCUTUTTTTTCTTOVITIC TOTES 


Ts *sded} ay} 03 sasjnd jo uolyedi}dde yuaaasd 0} pabuey?d ,/ 
iP st 6e]} @ ‘paaiazeu s} pueWwwod JQOWIS31 942 31 “Spuewwo juenNbasqns ,/ 
Jy SS990Jd ))IM YDIYM UOLJIUNY JadKa UNI 3Yy3 03 1]OU}JUOD Jaysuet) ,/ 
/s Spuewwo>d asayy JO YJOg “PueUIOD FWIIN 243 Aq P9MO]]0} 9q OS)e JsnW ,/ 


i puewwod siyl °39x9ed pueWWOD ay UL PaAl|azau ase Aepa}9AD pue 3)9AD ,y/ 
/,  oawlsadxa oy *P9A}929IJ 3q P]Noys PUueWWOD LYVIS3Y 243 ‘payseyse aq ,/ 
/~ - SMW YUSWIJIdXS ayy YI] °39U0 A]UO paynsexa aq 03 payIedxe si puewod ,/ 
ye S}yL °Q 03 Aepay2A>9 pue | 03 39S S} # 9}9AD aYL °490)9 JUaWlsadKa ,/ 
/_, 02 9Y2 Y9S 03 $39x9ed JUaWeJed Z 531 YIIM PUBWWOD AWIIN & Aq PeM0)]0} x/ 
ie aq ysnw 3] * WWawladxa ayy sjyseys pueWWOD FZIIVILINI F4yL “Spuewwod ,/ 
/e € $0 QUO JO} SJJEM PU SaUp NOY UO}IEZLPPIJUJ BYyX S]}PeED YOJJouN} styl ,/ 
PUUUUUTTETTTTUCTTTTTTTTTETETETETTTUTTETETTVEVTTETITTTTOVITT TTT TTT TTT TTT TET 


(G=yotJVaWLY) YdNJsajuL ewbeIdy 
(04x0)899 euBbesdy# 


n4°S]8qo)6,, apnyouly 
nY°OJJ9}y BpNyIUly 
Je D°96LINT o/ 


roweua)lj 





bed J°96LINI 9928 2664/05/80 


66 


I PUT UTUTT CTO T TTT TTT T TTR TTT TTC UTC U TTT TT TTT TCT T TTT TTT TTT TT CLT TTT 


= if 
70 = (1) ¢ynq dupg (, seyd paubisun)) 
(+4l SCINdDVIVO)JO9TZIS > L 2Q=1)JOJ 


= 74 Ul 
:3nq dup lyd¥lyO Usaixe : 


(PLOA)¥NG J}D PLOA 


| neue UURUEBE SEEN ESESEUUNUUUS¥ERESUUSESEEESESUMUEMESER EEE EEE EEN aE eeasesesess/ 
i: *OJaZ 02 JyayDed eep ayy Jo 33Aq Yea SjJasS UOLJIUN} SLY] ,/ 


| cee E REE RR EEE REEMESEEUEMMEEEMESEREMEMESEUERERESBEMMUREMEN ERNE RENEE EEE EES / 


in ( 
QOIY3dNIIL = awit _osy 
ls WY) UL p9yx90) QO JoWLY ByeMIOS ,/ *Q4IXQ = Puewwios osy 
“WWD YOJ SIVA 
“QOIYSdNIIL = owty_osy 


/_ WY) UL payc0) 'y912 YOeD ZJowly Josas ,/ 233X0 = puewwo> osy 
/e  3SOYS OJ JET]D St WYI BY VJNS ayeW ,/ Zogxo =| 2901 

:Q = Spud as 
/~e AIL YDED PIIZLYS 9q OF BNjSA JOLILUL ,/ *LOXO = 4913 


) 
(PLOA)JOWII JLUL PLOA 


| au uBeuSeBUuRUBEMESESESERUEREEESERERESESESEMESESESEEESEEEUMEN EEE EEEEEE EES eEs! 
li "4912 yea 3tUN OSH x/ 
/_ 43 Aq YaSay St Ppue ddUaIJaJay ay Se pasn st 2 JawWt] “SpuodaS G21°9 «/ 
/, AJaaa YdnsJsaqut ue ayelyiul pue asidxa 03 Q Jaw B7eMIJ0OS OSH By dN ,/ 
/_, SIS PUB Y9S GS] Fyd YIIM JIQeLVeEA YI12 |YyX SazipeLayuL UOLJOUNY SLY ,/ 


| nu nu uy SeseseN ER SUSESERENESESEEMEUVEMESEMEMESE SENSU EMER SEMERersearesesesusys! 


{ 
fusnjaJ 
*WITLONS 
SINZAZTINN = YUISAIyKOU 
asja 
{ 
:(t) (Aepay9A9) yuaAa = JUZAaYXOU 
) 
(spuosas == [1] (Aepa)2A2]payos)3t 
I(44t Sspuozas > (1) (Aepay2Ad)payss fQ=1)JOy 
/ 
; JUSAD OP OF} aWid SJL Yl 99S OJ D)NpayIs Juaad ayy YIIeVS ,/ 
ta wse 
he SLYX JRZe AdnJJaquL ADI JO} MOVIE «/ ‘20x90 = 1,ysew! 
2 a { { 
(0 = (+41) ]0) des*ynq Yos: J2=>}:Q=} 403 79 = 22)29A2peasabe 
“(QO = [++tJowia*ynq yos-¢=>t 2 Q=l) Joy 0 = 12)9Ao2peasabe 
-0 = Aepa}9A9°ynq_yos 4. + AepayoAo = 4 2 (LZ == AepayoA5) = Aepa)3A5 
70 = 319A9"ynq_yos 'Q = Spuoses 
'Q_= Snjeis"ynq yos ) 
*(Q=(++1]dway°ynq yos!¢=>1/Q=1) JO} (AVOQ3NO == SpuozaS)}1 
- st que 2 4+4Spu0das 
*3NQ YOS LAdHOS UJaIxe Je APLY YORS P93zpysS 9Q 03 ANjeA JOLIUL y/ *FOXQ# “49!3 QP) wse 
) Ie passno20 y,UaAey Sx912 g yt Gunf ,/ *NIILONZ IUq wse 
(PLOA)YOS J}D PLOA ‘44 ‘4912 Q)y4s wWse 
PURE TUTTT TTT TTT ITTTURTTTTTT TTT TCT UTES TUT TTT TTT TUUTTCTTULTTTUTTST TT TTT TTT -29) 2A9peasabe *13)9A2peasabe Jeyo peubisun UJ9 4X9 
ds . *OJ9Z 02 YaxyDed HOS Jy jo 33Aq yoea $yas UoLjoUNy Stu ,/ fquaaayxau ‘Aepa}sA2 seyd pauBlsuN Usajxa 
9 J°O6LINI soweUa)}4 99281 2661/05/80 ¢ abeg J-961INI soweUaylg 79°81 2661/02/80 







67 





IPUTUTTUTTTTTTTT TERT TT TERT TUTTE TUTTI TT TUTTE TUCTT TTT TTT TTT TTT ITT TTT TT TT TTT 
/s "24 puss ,/ 
/_ 03 Yayed puas s}}e9 pue yaxDed dump e.ep ayy Sajquasse uop3IUN} SLUL ¥/ 


| BERR ERE EREREEREEREEMEREMMMER EES ESMBEMEMEREEMEMESERE ER EER EMM N BEER / 


{ 
'¢ynq y2e9 (, seyo ,pauB sun) )3a42ed puas 
spud _= pwd yoe°ynq_y9e 
7s pasn you aj3Aq asuanbas ,/ ;00%0 = O}_jJJI°peay*yng_ ye 
ie ysanbay y2e@ 03 Bulpuodsay ,/ 0X0 = LY JYII*peay’ yng yIe 
Ie puws jo Japuas sppe a MO} »/ 01 OISdN = 0} _2S*peay"ynqg_ ye 
/s pus JO JapUas JPpe aIAQ-tY 4/ {IH GISdN = {$Y 2S"peay’yng_yoe 
tis Q14_9YS)sNQs = 0} _IJSap*peay’jynq_yde 
- (013 ~9us]3nqu = tY_ysap*pesy*® ynq_yoe 
/e =P} B3ep YaxIed YOY yo azIs ,/ S3Z1SNIV = 0)_AZIS*peay’yng_yIe 
000 = 1Y a9ZIs*pesy*ynqg 43e 
'Qv1d = 6e)s*peay yng ye 
:3NQ x98 LydNIV UJ3aIx9 
-()ynNqs seyo pauBisun uJsayxa 

y 


(pus syeys pauBisun)yx9e puss POA 


| ge BEER EEE EEE EMER EE SE REE EEE EEE MMMEMEEMESEMERMEMEMEMEE MEME RENE RENE MEME! 
/s "2$ puss y/ 
/~ 0 Jayoed puas $}]}e9 pue JayxDed abpaymouyIe By} Sa)quasse Uof oun} SIY1 y/ 


| gee EE EEE BEER EREMEMEE EME EERERMMEMEEEEMEREREREREREREMEMERESE REESE EERE EEE 


{ 
-(yNq yosz (, Jeyd paubssun))39y49ed_puas 
/~ YOS UL aJOIS Jaw1, SpuodaS pea ,/ :()awiy peas 
-Aepa}2Ao = Aepa}2A2°3nqg_yos 
Is $njyeys 3}9AD JUaJIND ,/ :9y9A2 = a}9A9°yNq_Yos 
Ss pasn you 33Aq aouanbas ,/ *00X0 = 0} _}J29°peay’yng_yos 
/» yayxoed ye ,/ =90X0 = !Y )J39°peay"yng_yos 
/» PUD 40 Japuas sppe ajAq-o}) ,/ ‘01 -GISdN = O}_J3IS*peay’ynq_yos 
/» PWD 4O Japuas sppe a3Aq-1Yy x/ iIH QISdN = !Y 2JS"peay"ynq_yos 
*Ut+ G1J_9Y¥S] }NqQs = 0} _JSap"peay"jynq_yos 
> [ard ~ 94S] 3NqQJ = 1¥_ JSep*peay’jynq_yos 
/» saiAq 6£ = Pals e3ep ,/ *3Z1SHOS = O}_9Z}s"pesy’ yng_yos 
‘00X0 = (4 aZIs°peay"yng _yos 
'ovij = 68)3"peay’ynq yos 
-$NQ YOS 1xdHOS UJazxa 
ne Jey pauBysun Us3ayXa 
‘Aepa}aA2 2 yeyd pauBssuN usayxa 

) 


(PJOA)YOS Puas PIOA 
| BRR ER EERE EEEEEMEMM ERNE EEE EERE EME SMES EEMEMEMEEMEMESEEMM ENE R EEN E EERE EERE! 


/~°J) Puas 03 JYayoed puas $s]}e9 pue yayoed HOS ayy Sa}quasse Uo}OUN} Sil y/ 


| gee BEER RE EEE EERE MMEEE EEE EEE MES EE EERE ER EREMEREMESESEREEEE UES EERE EERE! 


{ 
= € 
‘()sdway 436 
CJ3ISITVWH == 4912 BBO == CASVWNdWIL F Spuoses (eyo Fae eayaeee 
ops 
'()qUaAa Op (JUaAaIxKauU) 41 
{ 
{ 
-yeauq 
!}=SN381S" yng Yos 
/ JNI3O 02 anB13e} MOVE y/ 23NYL = SdvI_3NDI1VJ 
£(300W1$310N3)498 puas 
(SNdS3Y NOV FB (ald 1197 $NQJ) 3t 
-QWIdOd 
J°ONYWNHOD -oweus)!4 95:11 2661/02/60 








l 


*JOOWLSILONZ ese9 


:yeasq 
:0=SN1e3S°yNq yos 
-3S1Vd = SdV¥I_ 3NDI1V4 
/(3GOWLS3L)49E | puas 
(SNdS3Y XIV B [0145 14193 43NqJ) dt 
: OWIdOd 
>JOOWLS3L 9Se9 


:4e9Jq 
-()Yos_puas 
(628)}"peay* yng “dup )dunp puas 
‘aWId0d 

>NMOGLNHS 2Se5 


/yeauq 
:()awlyn yas 
!(3W11N) Ie puas 
(SNdS3Y XIV B (014 1413) 3NQJ) 31 
> QWIdOd 
IWIN aseo 


-489Iq 
:()43NQ 419 
‘(68]};"peay"ynq dupyz)dunp puas 
‘QWIdOd 

>dWNOVLVd 29885 


HOS 9seo 
Uipusa eu) 9e Loe ose 
(pusyxou =| jeden 
SNDEHIE: 


4912 seYyd Jays}Gas Usa xa 

'sd¥2_ ano LW JUL pauBlsuN Usa yXxa 

-$NQ YOS L¥dHOS UJazxe 

-Spuodas 6u0}) peublsun UJayXxa 

!ynq dwp iydvlvg usayxe 

Sjuadayxau *puoyxau ‘sjdpwo ‘[] sijpws Jeyd paubBysun Usayxa 
-[]ynqu yeys peuBisun UWJayxe 


) 
(ploa)sadxa uns POA 


| RRR EER UR ERNE EENEREREEEENERESERERERMESERMEEMESESENESS ER SUREEEeeseesenasyny/ 
/s "yew puorsas 3]eYy ayy Ajayewlxoudde ,/ 


/~»  3e& Spuoseas 28 Asada payeryiul St SJosuas aunyeyadway ayy wosj Bulpeas ,/ 
° 


/s @ pue doo} ysea auop S$! pasunoz0 sey juaAa yuawlvadxa paynpayrs ,/ 
/s @ jt aas 02 yoaYD y “°Ino Buiwly apnjdasd 0} PueuWiOD @ JOY Bul iem ,/ 
/s pi doo} ay2 Ul pa}]e9 St Jsawt3 Gopysyem ay) °pay]e9 YolqouNn) ,/ 
/_ a elsdoyade ayy pue paulwexa Si 3St} PUBWWOD a4} padjaze/ ave pueWlod ,/ 


/» U2 "JuaWIJadxa ayi JO} Ja}]OUJUOD PUeWOD ayy Se SaAJas UOL}IUN} SII ,/ 
/, ‘passas0Jd 3 padjazas uaaq aAey spUBWWOD 1YVI1SIY YO IZIIWILINI 242 29U0 4/ 


PUTT TTTRTTTT TT TET ETUC UTUTTUTULTUTTTTUTTUTUTTTTTIT OT OCT TCT UTES TST TTT TTT TA 


wYOJJOfy IPN ]IULF 


/~e J°ONVHWOD »/ 





abed J ONVWWOD) :oweuallg 96:11 2661/02/60 


68 


C3NYL) 9) 14M !Z11vM “0 ‘QS0} Saq wse :211¥K 
-CLINGLYIIINP 214M 


‘sydpws ‘pwoyxau ‘(J 3s} }pwo yeyd paubisun usayx~a /_ S2)2A2 ppo Uo AUL y/ 29 2 BOXO & CLOXO 3 2)9A9) = 23J0d 
?()ynqu seyd poubisun usayxea /, Aep | a6e 03 anbiyej doys ,/ SQ)anBiyeydoys :239v Lum aseo 
} 
(puewuo> Jey paubisun)puewwos Jo} YLeM PLOA lyeau 
“0 =_93J0 
PUUUUTCTTTUTT TTT TENT TUTTI TTT TTT TTT TTTTOTTTISTITTT ETT ITT TET TTT tr t itt tte -(Z21Nd39¥)3Np 9 tM 
/s “PazeuIWay ,/ /~ 2s)nd yo pua 12 / -LLIvM “Q “QSO! sqq Wse =L11VM 
ie st doo) ayy pue ‘Asessazau 31 pabpaymouyse ‘3S1) 243 Wosy paAowas ,/ /, 2)9A9 jo aq ye anBiyey queys ,/ :()an613eJ eys 
/» St Puewwods ayy ‘padtadas st puewNos Jadosd ay. UaYyM “PatouB! pue 4st] ,/ /, an6iyey ‘yas Bey} Jt ,/ '(LLNG39¥)INp 3y1J4M 7 
/~ PURWWOD ay) WOsJy PaAowas S} a4 ‘PaAlazau SI pueWWwOD paljyloads ay UeYI ,/ /~ S3)9A2 ppoO UO AUL y4/ 0 2 BOXO 2 CLOXO 2 2)9A9) = 2340d 21439 LYM ased 
ie JayyO puswwod @ yy °doo) Asng ayy UL 2)} 4M pe}}ed S$} Jawly Bopys em ,/ } 
Vie ay] *qyuawnBse ayy Aq patj}oeds puemod ayy JOJ SLM aiINpardoJd SiYyl ,/ (JUIASYKIU)YIIIAS 
| ewe eR Rue ee EEREUESEEERUUBEEEEDESEREESEEMUSESEMEREMESESEMEM US EERE ERM EEE eeenes/ 
:()60ps 
{ /INJAZTINN =_3UaA9IKaU 
SEINSAZTINN = Saree Te JOOW IS31 UL Jt SzUaAa OU ,/ (Sd¥J 3INDILVIID 3! 
!yeauq a Z fy ‘syd, seys poeubssun 
£()9N6138yIsBAS s1yv4y LYyls assed -Sd¥J 3NDILvJ 3U! peuBssun UJayx~e 
'ynq dup 1idvlvd usaqxe 
:y8aIq :29] 29A9peasobe "42 )2A2peaabe Jeyd peubisun usayxa 
()anbiyeyyueys foysod “qysod ‘eysod seyd paubysun Usa yxea 
{ 2yUaAa}KaU JeYyd pauBisuN UsaIXK9 
:()60pm 23})9A2 seys paubssun usayKxa 
Kr =+ Jyd = > 
(53d) Zi Nnalvs)39n613e84396 (P}OA)IUZAS OP PLOA 
) I PPUTUTUTTRT TET TCTTTTURTUTUTTUTTUCTUTUTTUTUTTUTULUTTTOTITETTTTT TTT TTT TT TT TTT 
(++! +B > ! 2Q=$) Joy /» "SING anbi3e} ,/ 
{ /s 242 02 WAd 243 BulyauU0D Aq UOlyeyado anBi3e) ayy S$IJeIS L¥d LYIS »/ 
‘()60ps ie °3}9A9 an6y3ey ayy BusINP pess aq 02 Sing anby ey ayy Sasned yUasra ,/ 
‘2 2+ syd /~e LVS OY PYL “SING aNByyey ayI YO )2AD Busabe ayy Joy suolyouny seyLWIs ,/ 
(sad‘t’ Lindly4)an643e3336 Te swiojsad 239y OY “potsad Bulrabe yxau ayy Jes 0} USIILIM JIB SaNj}BA ,/ 
) /, mau ‘pRas Uaag aAey Sded} 243 Jaysy °9}9A9 Yyoea paydyims sj} sdesy ayy ,/ 
(++) 2Q > $_Q=$) Joy /, 0} S23lJM pue speay ayy Yyy0q JO Aypuejod ay, ‘“dunp ejep yse) ay aouls ,/ 
feyepy°ynqg dwp = syd _ /» pasnos0 aaey 3ey) speay Bulabe yo # ayy YUNOD S9)QesJEA JIJAIOVIYIOV »/ 
S(yanBiyeydoys = =rlyy ay eases li ayl *YolyIUNy peas des; ay 0} pessed pue paye)ndje9 St Jajsjng ,/ 
be dwnp @3ep ay Ul U01}e90) Jadoud ayy 03 saqyuiod y ‘potsad Bulabe ,/ 
2yeaIqg /, ue JO pua ayy 2@ sing Bulabe ayy ul sdedy ayy peas 02 pasnm St §39V GY »/ 
'+4+29)9A9peasabe /e “SING an6siyey ayy UL sdedy ay yo a79A9 Buyabe ayy yyo 348YS 03 pasn St ,/ 
70 =_93J0d Ie 239¥ LUM “SING anBiyey ayy ult sdesy ayy yo BuinBsyey ayy sqseys ,/ 
-(21NG1VIJ)3INP 2314M /~  OS)® 439V LYM *UOLJeJado peas @ BulMo]]0y AjaIelpawwl asd Wax 3q 4/ 
/» asynd jo pua 12 ,/ 'o1I¥M ‘0 "gso! sqq wse 41 1¥M le }]}'m sasodund 6ulabe Joy saqtsm quanbasqns *quawlJadxa ayy Wes 02 ,/ 
-CLINGLVI)INP FItIM /» SInd 6usa6e 2 ayy UL sdedy ayy 02 S2IJIM [3NV LYM “SPOW YS2] UL az)IYM ,/ 
/~ $3)9A2 ppoO Uo AUL y/ /Q = BOXO & CLOXO F 219A9) = 23400 /~ Painsexa aq YoU 371M SJU2AZ “*SJUSAS YUSWIJadKa S|ayndaxa UOLIDUN} SIL y/ 
2(Jad ‘Z1Ndlvd bu abe oy | Se eReRes ese EREREEEEREREREES ESE EDESEEREEMEMERERESESESES EER ERERereeaseeseeene/ 
°g =+ 
-(J3d ‘Lindlvs)6uja6e peas 7 { 
(4 >> 2a)9A2peasabe) + eepy*ynq dup = Jd :2299y Gy eases s (DES GEy as ecupeys 
-Aepay2A2 = (OL) peayp 
2y8aIq :3)9A9_= (6) peeyp 
-+4+19]9A2peaso6e /s pasn you pjal} aduanbas ,/ -00*0 = (1+01745_14¥13) Peeyp 
"0 =_23J0d /» yayoed ye ,/ _*90x0 = [01d 1¥19] Ppeayp 
-(Z1Nd39V)INP 334J4M -O1_GISdN = [1+014_I¥S])Peeyp 
/~ a8)nd yo pus 112 4/ “¢LIVA ‘0 “gsol sqq Wse =CLIVA /s SSaJppe O1J9} ,/ =1H QISdN = {O14 Jus] peeyp 
-(L1NG39¥) INP 334JM | puw> jo Japuas 229 MO} »/ “(b+ 014_98S]3NQI = [1+014_1830) peoyup 
/~ $8)9K9 Ppo UO AU! »/ 0 2 BOXO £ (LQXO 3 91949) = JaJ0d /s Ppuw> 30 Japuas a2Aq-1y 4/ -{a1s Qus)3nqs = [014 15830) peeyp 
*(J3d°21ngaov)6ula6e peas -01_3Z1SdWO = (1+N31d) peayp 
*§ =+ JQd ‘IH JZISdWO = (N31d) peeyp 
/(43d’, Inazoy)6ulabe peas _ -OW1d = (0) peaup 
(9 >> |[2)9A9peasabe) + Blepe*ynq dup = s¥d :199y Gy ased 
‘Aepa}9A2 *3)9A9 seys paublsun usayxea 
a -{)ynqs yeyo paublsun usa yXxe 
[0 @_934 _ ) 
-(Z1NGLWI)INp 2y4JM (peayp, seys peubssun)dunp puas Poa 
J°ONVWWOD :oWeUo]I 4 9S:bLL 2661/02/60 ¢ 92bed J°ONYWHOD = oweUus)t4 9S:LL 2661/02/60 





69 





J*ONVHWOD > oweus)l4 





9S-Lh 





2661/02/60 


/, UPLpus Biq 03 3933991} WOU} JsaAU0S ,/ 


/, UOLBas yedtytsd ,/ 


- [Eg] sNQeawtyyos = [9] ewy3°ynq_Yos 
-C2) snqrawiyyos = [pJawty*ynq_yos 
“Ch snqvewtyyos = [Z]awiy*ynq_yos 
*[o] snq-awtyyos = [¢]awty*ynq Yos 
:la = wse 

‘Spuodas = SIJasS*awIYOS 

‘Ip wse 


sQWwlJYyOS JWI 
: Spuocsas Buc) paubisun Uj3xe 
‘$NQ YOS LAdHOS UJaIXe 
= } 
(PLOA)aWIy peas PLOA 


PUTT TTTTUTT TTT TUTE TUTTTT ITIL TTT TTT TT TTT TTT TTT TTT TTT TTT TTT ttt 


Is *uolje00) ayetsdoudde ayy ye yaxDed HOS «/ 
/_, 941 UL Pas0ys Pue UelpUS GIq 02 UBIPUS 3}391] WOJ} Pa yJaAUOD St SpuodeS ,/ 
fi JO # PUL °¥90]9 JUawIJadKa ayy WOU} aNn}eA ayy Speay aunpadosd siul ,/ 
I PRUUTITTTTTCUTTTUTTTTT TUTTE TTT ETT TT TTT TU TTC TTTTTOCTTTT TUT CCTV TTT TCT TTT 
{ 

l3 wse 

/~ 420)9 943 Yas ,/ 2$99S°Sg) = Spuoses 

/_ UOLBas yedILIID ,/ ‘tp wse 

/, A®@poy adults spuodas ayy pasu ysn{ ,/ SAVOINO XY SIAS°Sd) = $I8S°Sd9 

-(2 + N3IT_OV3H) }NGJ=(0) 3NGQ*Sd9 

/w $,8S17 2 «/ Ct + N37 OV3H) sNQU=[L)3NQG*SGd9D 

*(YILINYYVd )PuewwWo? Joy 31M 

°(2 + N3T_OV3H) $NQI=(2] NG" S49 

Js S:8SW 2 x/ “(4 + N37 OV3H) sNqJ=[¢) 3ng"sd9 

*CYILINVEVG PUeWWOS JOJ LEM 

‘spuoses 6u0) peuBisun usayxe 

*S$d9 JWI UsaIXa 

'()3Nqs seyd peu6isun usaiXxa 
} 


(PLOA)BWIYN JIS PLOA 


| RRR RRR ENERRENEREMMERENEMEREEMEMEREMEMEMESNEMMMEEMNMNERERE RR EMME ee / 


"palylpow y/ 


/~ $b 490)9 JUawisadxa ayy UayM pasn st UOLBay jBI131II yY *4oyesado pow ,/ 


/~ 24) BuIsn Aq payoesyxa ase Aep yuassJNdD ayy UO pasde)a Spuodas ayy IX9N x/ 


Is 996308 ayy Aq pauinbas se sapso uelpua 3)331) 9} PFIIBAUOD 94B BWI Sd) »/ 
nN Buryew sajyAq 4» ay, “awid Sd 94a BuluteyUuo>? 6u0) PauBisun ayy OqUO ,/ 


/_  $2)Q81JGA Jey? PauBisuN » sdew yeyy UoLUN eB St Sg °F)GBIIBA Sd 34d y/ 
Ve UL pasojs pue Padalsjas ase yayoed yoea ut sayAq elep 2 ayL “yayoed ,/ 
/~ BALLIN FYI MOYJOJ¥ JEYI SyaxDeEd YRLIWVYVd OM] BYI JO¥ SzYeM UOLJUNY SIYL y/ 


POPUP UTUTUTUTUTETUTTTTTUTTUTTTTTTVTUTUTTTUTUTUTUCTI TTT TUS TOUT UTI T TT TT TT ett T yy 


: { 
¢ 
* QWIdOd ale 
_ 24894q 
: (PueWWOI)yxIe Puss 


(SNdS3Y NOY F (OTS WLI] 9NQs) 41 





abeg J ONYWWOD + oWeUS) Id 


eG 

PUPWWOD == [PWIIX29U) IS} }PWI) 44 
:()60pm 

(J3dpws == pwoyxau) 3) 14M 

) 


2661/02 60 





9S7bl 


70 


he 18 JaJyNQ B3ep ayy UL PIsJOIS SJIG g JUBILPLUBIS JSoW ayy Pue papuNo! ,/ 
be BIB SUOISJIAUOD BY JO SJZINSII 9YL °ISIb} BYR HutmMo}y}oO} Uolssaoons ,/ 
/~ Uf JNO Ppaltssed ase suOISJaAUuOD BuLUjewss ayy, “asjnd peas abe 6ulyyed ,/ 
/~ AQ OSH 943 UL PayNpayrs ase VOISuaAUOD Q/y¥ JSJL} PUB aSynd ay, °2}IAD ,/ 
/, JUawiJadxa yoea payeusazye si asynd peas ayy yo Adtsejyod ay, “Juawnbe ,/ 
Ve JSJty BYX Aq patytoeds Ing ayy UL sderdy g 9yX Speas uolyIUN} SIYyL ,/ 


POPC RTT UTTER CTTTITTTTUUTUTTRTTUCETUVIVITTUTTUTTVITUTTIT TOIT TUTTE TTT 


{ 
_ erent 
-QNNOY + LY 3jNSas pe = [1]dway-ynq yos 
‘dWO2 Gv Y19# ‘Buipued jul qpue wse 
*LLIvM ‘dWOD ay ‘Bulpued jul 9qq wse FEL IVA 
t+ JOXQ = PueuWo?D pe 
) 
(++t 59 > 1 2Q=t) Joy 


/~ 939]GWOD G/y JO} JIEM y/ 


-$NQ YOS INdHOS UJezx~a 
} 


(PLOA)Sdwa} 39H PLOA 


PUUUUTUVUTTTUTTUVUVUTINUCTTTVCUTITETTCTUTIVTTIOTOTTOTTOTTCTOTTCTTTT TTT TTT 


Ss °J933NQ HOS 4/ 
/_, 24) UL P9IOIS SJIG g JUBIIJUBIS JSow BYy YIIM PepuUNoI sf} YINS2I JIG-OL x/ 
Is ayy Pues aya}GWoDd Ss} UOISJaAUOD ayy 443UN SUIdS doo) IyeM WY “SJOSUeS ,/ 
ss JINJBJIGWIY 4 BY PBI OJ SUOISIZAUOD Q/Y¥ BIelJJuL UO}JYouN} styl ,/ 
PUUTTRUTUTTRTUTTCRUUTTTTTUUTTTTTTTTUVUCTTTUTUTTTSTTU ET TTOCTCTTCT OCT CTUT TTT TA 


{ 


Je MO} O°OSH 39S 4/ 


J UOLSJIAUOD Q/¥ JeIS ,/ 


/, A®l|ap sayye asjnd yseys ,/ 
/~e YBLY O°OSH 39S ,/ 


/e VYSWIL YeSel ,/ 
/~, SUOLJOUN}y MOPULM Bas 9YeUsII]e J99]9S ,/ 


>THONZ = 9WLy OSY 
-00X0 = PuewWwo2 osy 
“WWI YOJ LIA 


Sav LSYId = aWly osy 


:J0X0 = PueWwWwo osY 
“WW YOd LIVA 
*THLUWVLS = awly osy 
*02x0 = PueWwwOD osY 
*00xX0 = ISM 

*0000X0 = ,sowt3 
°40X0 = JSM 


} 
(PlLoA)asjnd peasy abe ploa 


FULT CTURTTTUTTTUTIC TTC TULTVUCTTTVTUVCCTTUCSVTTTTVUTETTCTETTESTCTTTCTTT TTT T, 


Is "YSJL} 9YY HuUlMo},}O} UOLSsIIz9NS ,/ 
Je Uf INO Palsued vse SUOISJ2AUOD BULULewWes 94) 2OSH 942 BUISN paynpeyds ,/ 
le Sl UOLSJ9AUOD YSI}} BYX AUN *asjnNd ayy BusUNpP 4sNd90 SUuOISJaAUOD ,/ 
le Q/¥ 14619 °AZL}IGeIS OJ JINDIID JYyy JOY MO}Je 03 BSjNd ayy jo ,/ 


/,  Gufuutibag ayy J933@ SyUNOD ¢/ JND90 0} paynpayrs s} UO}SJaAUOD Q/¥ UY 5/ 
/~ ‘“UOLJeJado yy YsEYS 0} JasaJ SI} PUue aseq BWIy JYy JOY Pasn SI | Jaw}, y/ 
Si "W¥2 OSH 243 UJ payesaUIB aq 0} as}nd peas @ Sajnpayrs Uo}JOUN) SIYyL y/ 


PUTT TTR TT UTUT TTT TVTTUCTUVUVUCTTUTTSTOSTVSVUSTOSTCITTLEVUCTTTS TOSS TLS TTT 7) 


{ 
‘ AW e 
/~ 232|GwWOD Q/y Jo} 318M y/ ! , dO) GV ¥19# ee qpue wse 
. (eM »/ FLLIVM “dWOD Gy “Gulpuad jul 39qq wWSe SELIM 


J, SYdNssajU} a}qQeuaes ,/ 


/~ 40} 0°OSH 39S x/ 


/_ UOISJ9AUOD Q/¥ JeIS ,/ 


/, A@jap sayje asynd qseys ,/ 
/» YBLY Q°OSH 32S ,/ 





abeq 2°Y3dXZ soweus) ty 


-$9_wse 

‘THON = ewly osy 
*00X0 = PueuO? osy 
_*WV¥2 YOd LIVA 
‘3WIL Gy = Wty osy 
'40X0 = PueWWo osy 
-WV¥2 YOd LIVA 
*THLYVLS = aWwt3_osy 
02xX0 = puewwo. osy 


£0*St 2661/20/60 





L 


[00x90 = JSM 

/e LYSWIL PSA y/ *0000x0 = ,sawls 

/~. Papeo} Wy) J13 Sadnssejul ayqesip ,/ 1p wse 

/, SUOLJIUN} MOPULM Bas ayeusaI}e JI9]9S ,/ -40X0 = JSM 
) 
(PLOA)asjnd pecs Poa 


EUCTETUUTTUTUTTUTTCTTUTTTT TTT TC CTTT TUTTE CU TTLTT UTI T TTT TUT UTUTT TTT TTT TTT 


le "ayajdwod ,/ 
/~e Sb AUOD Q/¥ ayy JIJUN paynsaxe st doo) @ ‘paynpayos st esynd ayy adu0 ,/ 
/, “UOLSJAAUOD aJtjua ayy Bulsnp YyBly Ulewas ]}}IM as}Nd ayy Jey) OS asjnd ,/ 
/e 24) JO Pua 3YY BJOJaq SJUNOD Sg, JNIIO 0} Pa]NPeyIs St UOlSJeaAUOD G/y UY ,/ 
J, ‘UOLJeJado 9Yyy YseYS OJ YoSad Si Pues Vseq BWI} 9Yyy JO} PasN si | Jowts ,/ 
les "WY OSH 243 UL payeJauab aq 03 asjnd peau e@ saynpayds UoLIUNY SIYL ,/ 


PUTT CET TUTTTTTCTRUTTTCTTUTTUCTUTTUTTUTTUTT TUT TTTTUUTTVITUTT CIV UT TUTTI TTT 


{ 

/~ SJdNIJIJUL BJOYSII ,/ :la_wse 

> THON] = SWI} _osy 

/~ MO} O°OSH 39S y/ -00X0 = puewuod osy 

‘Wv¥2 YOd LIVM 

/y A@yap Jayye asjnd yueys ,/ *THLYWLS = owly osy 

/~ YBLY Q°OSH 32S 4/ *02x0 = PuewWo? osy 

*00X0 = JSM 

/» LYBWIL JaSad y/ *0000X0 = Liaw 

/. =‘ Papeoy) Wy? jl3uN sajdnssayuy ajqesip ,/ 1p wse 

/~ SUOLJIUN} MOPUIM Bas 338UJII}e 399)9S ,/ $40X0 = JSM 
) 


(PLoa)asynd alJM PLOA 


| ueenennn UNOS eEREREEERESASEUSAREMESUSURESSUEESEUEEESENERSEsueeeseneeeseyss/ 
J, ‘UOLJeJado Jy} JJeJS 02 JaSed Si pue aSeq aWiy ayy JO} pasn st | JowlL ,/ 
/,  ‘°WY2 OSH 243 UL PayesauaB aq 0} asjnd a3j4M @ Sa}Npayds UolyoUNy StiYyL »/ 


| nese guxeuseeeusee SEES NERERESENESESEEUEEECEESRUES ESSE SUMNESUSNONVUNU NEN NSN) 


{ 
/~. SINP 03 Yndul puNOIB ,/ '043xQ = qjyiod 
/, UOLJIUN} WHd 399)9SeP ,/ °34X0 =F [908 
‘qjysod syeyd peublsun UJa3xe 

) 


(PLOA)anBiyeydoys PLOA 


OCT TRUTRTUTTUTTTETUTTCTTETTUTTTETTTCTUTUTTVIVTCTITUTTUTYCTTTUTTT ITT TTT TITY 


/s SINd an6iye) ayy yo yjndul ,/ 
Is ayy 03 punoJsb s3t)dde pue uoljoUN) WAd 943 S2}qQeS}p UOLJOUN} SIL y/ 
I PUTUTUPTTTETUTUTTTTUTTTTTETTUTUTTTTULT TT TE TEU TT TTY Prev e yer Tere rere TTT Try 

{ 


?6¥xQ =. qjysod 

‘toxo =] 190! 

S921 = joJs3Uu0D wad 
/~e WAd OZ )EFILUL y/ 


/» Wid 02) 21NGLWd F LLNGLWJ 32eUU0D ,/ 
Ju Wid 399128 ,/ 
/~ 2)2A2 Ainp 49g 40} dnyes ,/ 


‘qjysod sey paublsun Usaxe 
) 
(PLOA )aNB1YepIsIBYS PLOA 


I POUTTUTTTTTTTTTEPTTTTETTTT TESTS TT TTTVTTTTTTTTTVIVTTITTTTT TTT TTT TTT rrr re rity, 


/s "SING »/ 
/~ aNB13e} FYyJ 0} SasyjNd ayy saynou pue WAd FYI SaZIePJlus UOFJIUN} SIYL y/ 


\ ceuuhuceSavecseustUue¥SUnuvsbUe cesses sos TaeeesectOMENedusecveveseuuVEyeRees/ 
nY°OJJ9},, aPNIULF 

/~= 2°Y3dX] »/ 
abed D°¥adxXa soweuaytd 


£0:St 266b/20/60 


a 


:()asjnd pesos 


/~ OSH JO¥ JLeM “OQ JaUUeYD O/¥ «/ -00X0 = puewwor pe 
/~y ded} jo peas aaiqisod ,/ :dedy = 240d 
/» INP uo pus ydauu0IsIp ,/ 2(anp >> 11x09) | qdwe3 = qysod 

/y 6ULIIES Qisod anes ,/ *QjJod = qdway 


:(3Np]}eA Np ps = eyJod 
/(3NP) INP 393tIM 
/~ 2S)nd ajtuM aaljyebou puss ,/ '80XQ = 230d 


‘qdway Jey paublsun Jays. bas 


:(]]eA 3np py seyd paubisun 3sUu0d uJayxa 
'[)]eA np yum Jeyo paublsun 3Suod uJaIxa 
/_ $\4Od ¢¢298 4/ !9340d ‘qjsod ‘eqysod syeyd paubisun usayxa 


} 
(J3djnq , Jeyo pau6lsun’dedy seyo pauBlsun’jnp Jeys pau6lsun)an613es,396 Poa 
} ! bye \ 


PRRUTUTTCTTTIVETTTTULTECTTUTTTTTTTUTTTTCTECVTTTVCTETTUVUVOCTOTITTVIT EST T CLT TT, 
le "suoljeJado peas pue 231JM ay} JO} SUOISJaAUOD ,/ 


/»  Q/¥ 243 a)Npaysds pue sas)nd 243 ajeJ9U96 0} pa)})]e9 ave asynd peas pue ,/ 






fe INP 93LJM SUOLJSUN} aYL *413GyNq JUuaWNBJe ayy Aq 03 Ppayutod uoLj\eI0) ,/ 
Je 943 Je JasJjJNQ VJep ayy UL PaJOYS VJB SUOLSJBAUOD G/¥ 943 3O SJ}NSes ,/ 
te aul “syuewnbse ded} pue ynp ay Aq patytoads desj Sy Joy Aypsejod ,/ 
a 331Soddo jo SUO}JeUIQUOD PR2I-UBYJ-3IIIM Z SWIOJJIG UOLJIUN} SIL y/ 
I PRTRTTTTRTTTUVINTTTVTVITEVUCTCTUCTTTTUVTSTCCTTTULTTCSTTECCCTTUTTCCTUCITT OCT T T/ 
{ 
{ *Q = 2JU0d 
!qdway = qyJod /~ 6ul Aas qjysod aJoysas ,/ ‘qdwa} = qysod 
/~ $399)aS 3)qQesIp ,/ 7g = ejJod /, $199)aS 3)qGeSsIp ,/ 70 = 8JJ0d 
/_ asynd jo pua 113 31eM ,/ “LLivM ‘0 “QSOL sqq wse ZL 1I¥M 
“ ()asjnd 331JM la wse 
/~ 4Np UO Pus YauUOISIP ,/ 7(19S 3Np >> 11x09) | qdway = qiJod — Ke 
7 _ 2qysod = qdway /~e OQ/¥ IWeIs ,/ _  $8QXQ = puewwoD pe 
/~ YO3UMS BuUljnos Jas ,/ :()9S 3Nnpj}ea Jnp ysM = elJod SGNMOY_+ LY 3)NSed pe = [1] J djng 
:dWOI GY ¥12# ‘Culpusd yu! qpue wse 
‘qdwey seyo pauBlsun Ja isibaJ _ SJJ9AUL + I++ = JJOd 
4 $3400 ¢CGZe «/ :qjjod ‘eysod Jeyd pauBisun usayxa /~ 339)dWoD G/y Jo} 310m y/ FLLIWM ‘dWOD Oy ‘’GuIlpuaed jut qq wse “1 114M 
} } 
()9S 3Np Jeyd pauBlsun) Np 3214JM PLOA ( 2g > L [Ost Joy 
!()asjnd peas a6e 
PUNT TTTITITITIVITIVITUTTTVTTVTTITITILITSOTVITITITITIVITICUTISTOLITIC TTT TTT, /~. 98)Nd Bulsnp sydnjJajul 219eS1Pp y/ Ip wse 
7 *aSjnd aJ1JM ayy ayesaua6 0} pa})89 S$} UOlIUN} ANP |a3LJM ,/ /~ OSH JO} Jlem ‘Q JaUUeY? G/¥ y/ ‘009 = puewwod pe 
Ve 342 pue ING PeI99)aS ayy 02 aS)Nd ayy anos 02 Yas ase SyJod ¢¢zg y/ 
ye ayi “uawunBye ayy Ul palytoads JING ay} 03 Salm UOLJIUNY SIU] ,/ !2J39AUL = 93J0d 
PRTTTIN TESTI U TU TILT TIVITITINTITVIVITITISTT VISES VTTVTUTTVIVIST ISIS TI TTS TT TTY /s 919A ppo uo s\d 9Al.e6au a/ *80X0_: 0 2 CANI 3 919A) = JI9AUl 
/~« INP uo pus Ydouu0dsip ,/ :(]9S INP >> LLxOQ) | qdwe} = qjsod 
{ /~ S6uUL{Ias qjysod aaes ,/ 7 _2qjsod = qdwa 
?Q = 293J0d £()as 3np) yea 3jnp ps = ejsod 
:qdwa} = qjysod 
/~ $199)9S 3)qQeSIp ,/ ‘Q = @jJod ‘:qdway Jeyo paubisun Jaysi6aJ 
SyJaauL seyd paublsun Jays Gas 
SGNNOw + LY 3)NSey pe = [EJ] 43djynq 4 yeyo paubisun 
:()asjnd peas oe 
/~ OSH JOJ JLeM “QO JaUUeYD C/V ,/ ‘000 = puewwoo pe [J] 8A Jnp ps Jeyds pauBlsun ysuod UJayxa 
239)9A9 Jeys paublsun usayxea 
/, 13ed aALye6au op jauUeYyD owes ,/ *8LxXQ.+ dedy = 340d /~ $YJSOd ¢S28 »/ Zoqyuod ’qjysod ‘ejsod seyd paubslsun Usayxa 
/,. Np uo pub YdauUOISIP ,/ (INP >> LLXQ) il qdway = qiJod _ a ) 
:(3Np} 8A ynp ps = eqJod (Jadjnq, seyd pauBisun ’)as ynp Jeyd paublisun)6ulrabe peas ploa 
:(3np)anp aja PUT TTUTT TTT TTULT TTT TTTTTUTUCTETUTTTUTUCTTTVTVITICITTTITICITTI TTT TTT TT LTT 
/~ 9S)Nd 31LJM BALIISOd puas ,/ [0 = 23J0d ti "asj}nd ay} JO pus ay} aJojaq aja)}dWod SUOISJaAUOD ,/ 
/, O/¥ 8 1) 24NSU2 03 asjnd peas ay} 6ulJnp pa)qesip aq ysrw sqdnJsajqul y/ 
SONNOY + LY 3)NSaes pe = (0) 4Idynq de *sydjng “yuawnbJe puodsas ayy Aq 0} pajulod uolj3e90) 243 ,/ 
4 <9bed J°YadXF soweus)l4 €0°S1 2661/20/60 g¢ 968d 3°Y3dxX2 soweus)l4 £0:St 2661/20/60 


UZ 


:yeasq 
-QVSHYSAO + YD = yNQoa 


/e SV1d F1QNOP JO OyT4 Jou ,/ “Yd = [+4] peed ae 
2yeaJsq 
/_ 23Aq puz mau aq ysnw ,/ fyo = (+4590 ADJ) ynqu 
/, WASaJ OS OQYI4 9)6uUIS ,/ [3S tvwd = 93e 3S 
‘| = Jad Adv 
) 
(9JEIS) {JL 
3s)a 
{ 
4 :yeag 
{ ((99@3S)] = 9383S);1 
/, 6&)} 3)qQnNOp yiwsuesy ,/ ‘Ov14 = 3nqs } 
(ov14 z= [1] sNQ)}1 (Ov1d => 49s! =¢ 9Se8) 
-C#73nq = 3NQs - ye 9Jq 
/~ J3}33NQ Aydwa JO} JiemM ,/ -(C3XL 2383S ds)j)aylyn /~e OV1S FIGQNOP JO OV14s Jou ,/ “y= [+4430 A2J) yNQU 
:()6ops /, 3UASaJ OS OY14 a}Guls ,/ [3S lwd = 9383S 
> (93e@Is)jl 
/. SGunp puas 0} abuey? ,/ (+41 ua) > $ fhsb)soy 3s)]a 
/, 394980 ulbaq ,/ -(0]39q = 3NqQs ( 
/~ J3}3NQ Aydua Joy YLEM y/ “(C3xXL 3 383s pa) el ee :489Jq 
-(3NG)WNSyI9YyI 93 fe) (( 9383S); = BISYS)JL 
} 
“QVSHYSAO + [L + N31d)}NQ + (Q >> dway) = Ua} COV1S == YI)Ft FL ased 
/, JaxIed jo y3bua) 33e)ND)e9 ,/ !(N31d) 3NqQ = dwa) ! yeauq 
! yd = [++43d ADJ) ynqs 
tua} ‘dway’t pauBblsun (OV1d == YO) Jt 29 aSe9 
} ) 
(jng, Jey? pauBssun)yayxIed puas pPloA (s9d ADJ) YOJIMS 
| sueueeesesesysseeUseveseESeSeUSeeseseeeeasessssesasessvesveusseasesseeeeses/ : 3nqs = Yo 
ei pasn St yJOd jelsas ayy JO aunyeaj Buisajjng ajqnop ayy eased ,/ { 
/~ SIYY JOJ ‘“aIUaNb|asS adeIsa ue Se paysasul Sl Oy1y esyxa ue ’93Aq YsSUly ,/ ; uJNyaJ 
ie 9Yy} Jayje WEIIJS BJep ayy Ul SyNIIO Ja IeVeYD OvV14 @ YL “payeynz}e. ,/ '90 = syd Adu 
Je St yayoed ayy JO} WNSYIaYD @ PUue payeynd)}e2 S} YayIed ayy yo Yybus) ,/ nce ae 
ie ayl “juawnBbye ayy Aq 0} pajulod yayoed ayy syjywsuesy UOJJOUN) SIU! ,/ ( ¥Lxo 7 3839S ds) 31 


| ume eee eeER ER ERERESEREREEESESESEUESERESESEMERMESESESESERES ERE EEE ERESEeeeeen/ 


:dwey ‘ua) Jul pau6isun 





{ fy seyd pauBlsun saysibas 

sydows ‘(J 3s; ypws’ (Jynqu seys paubysun usajxa 

( fayeys ‘jyd Adu ‘ynqoa seyd pauBsysun Jsaysibay Use\Xx~a 
{ ) 
( (plOA)3ayxIed ADI PLOA 

/» Jajuliod ayepdn ,/ “$OX0 BCL + sadpwo) = sydpwo 
J» PUPLULOD 3JOIS ,/ - (N37 OV3H)3NqQI = [(4s3dpwd)ySt pwd | eeu eueeeeSeSEUSESSESUESESUSSESESESERESESEMENNSEESEESSERuEEseesseneyeneeenee/ 
- A ) Is "payoubl St jayoed ay} pue passnco0 sey sossa ue ‘jax9ed ,/ 
= ((ua) “ynquywns> py)eA BR O1 GISAN /s 3423 yo Apog ayy uf SJND9IO OyTy a]6uls © 4y] “paddlyys aq ued OVS s/ 
== (14014 1$30]3MQJ 33 IH GISdN == [013 1830] $NQJ)31 /s BJYXI JY OS NVIJ F)GNOp ayy JO} YOO) 03 pasn SI a)qeLUeA a3e3s ay! ,/ 
SQVSHYSAO + [L + N31d)3NqQI + (g>> dweay) = ua) Ie “WEIJJS BJEP ayy Ul JaIIeeYD Oy Ty S4YXS US JJaSUL PIM JaziwsueJ) ,/ 
S(N3 1d) ynqu = dwey ls ayy ‘yayDed ayy ULYIIM yep se SUNIDO JaYIeIEYD OWTs FYI Jl °ISt} w/ 
9 = J§id Ads Ie Puewwod ay} ul pave)d Si p)aty puewwos yayoed ay} wWoJy apod puewwo? ,/ 
} /~= YX “PLyYeA St yoyded ayy yf “payday si QI aIuNOS ay Pue PazeplyeA St ,/ 
(yngoa == syd Ad)j1 /» WNSYIIYD YX ‘padtazay ase YyayIed ayy jo sajyAq })e@ U9YM “peze}NI]e9 3q ,/ 
/~e SV13 F)QNOP JO O¥TJ You ,/ yd = [++s3d Adu) yNQJ /_e ued YaxIed ayy jo pus ayy ‘paAtacas s} YyIBua) ayI 9dUQ “Pjat}y YIbuUa) ,/ 
( /me yayoed ayy aue sajyAq 2 YxXaU BY, “padAlazas SI OyIs @ JIIUN pavoUBl ase ,/ 
'3Slv4 = 9383S /, SJeyd Buiwoout £33Aq OvTg @ YIM YseIS Ysmw yayoed ay, “owl @ Ye BuO ,/ 
/». DuUASaJ OS OyI4 a)BulsS ,/ *t = sad Add ls PaAladay ave yaxved yea jo SayAq oy *pacladas St ys S@ yayIed ay) ,/ 
) hae Sa)queasse pue ydnssajul asAjavas YIOD elas ayy SeAJaS UOJJIUNY SLYL y/ 
(3938YS)}} | wu eeu eu SEURSSSUEESEEERESEEEMEMERESEEESEEUMUMEUUSEMEMERMSESES SNR EEE REE EERE E/ 
: as}a 
{ (sz=3ax9ed Ads) dnssajut ewbesdy 
: ‘yea ug /~ UO}JOUNJ JaxDed ADJ 03 JOIDIA AdnJJaqjuL aAlazay jeJJas Sjulod ,/ 
((93@3S)| = 33@3S)}} : 
> nYOJJI$y IPN] IULF 
COVIS == YI)ZL 221NeJap Je DLINIWG «/ 

2 9bedg I" LLINIVd soweus)t4 Ol:s2 2661/1¢/80 | bed I°LL3IAIWd soweus)l4 Ol?¢2 2661/12/80 





73 


cea 
~ 
~ 
fom ] 

" 


= 19) RP 41) a 09) )UINIaJ 


{ 
09 =<+ 49 
-{t)JaxIed =+ 09 

) 

(+4+l fUa} > | 29 = 1)4O} 


70 = 19 ‘9 = O29 Jeyo pauBlsun JaysibaJ 
#t yul 
= } 
(ua} JUL paUBlsuN ‘yayxIed, JeyD pauBlsun)wnss plyea jul 


| PUTTS TETTETUTTUTTUTTTTETUTTTTTUTUTTVTTUTTOTTTTTUTTTTTTTTTTTTT TY TTT TT TTT, 


/s *3nyl susnjas ,/ 
te UOLIIUNJ |aYyI ‘PLYEA SL WNSYD9YD 9Yy2 yf “pazepL yea aq 03 $jayx9ed y/ 
te — UBYI Jay}JO SJdJjyNG MO}}E 03 P]aly YIG6Ua) JaxIed |Yyy Wos} P|ye]Nd}e. ,/ 
Ve ueyy Jauyes Jajyowesed e se passed sem yy6ua] ayt *Ua) ‘JUawNble ,/ 


/e puodas ay Aq patytoads st Jayjng ayy yo y Gua} ay, “JUoWwMBJe Yssly ,/ 
/s ayy Aq 0} paqulod Jsajyjng ayd JO wNSsyIIYD ayy Sa9JeplyeA YUOLYoUN) SIYL y/ 


OUTPUT CRT TUTTETUTTUTTTTTOTTTTTTLTTTTTTTTOTITTITITTTITTTTTIT ISTIC TITTLE TT TT 


{ 


(Lh >> 09) - $2 = {h + ua] ynq 
-[9 - 09 = I 
292 =+ [9 
> C(t) ynq =+ 0° 
(+4 $74 ua} > t 29 = §)40} 
70 = {b + Yay) ynq 
= “0 = (4a}]}3nqG 
!N37 OW3H + {lL + N3Id] ING + (Q >> daz) = Ua] 
> (N31d) 3Nq = dway 


70 = 42 ‘0 = 02 Jey pauBlsuN Ja IsibaJ 
‘quay ‘y ‘ua, qu 

) 

(yng, Jeyd pauBlsuN)unsy2ay9 a3ndwod PLOA 


POTEET EEE ETE ET PETE TT TTT TTT TT TTT TTY TTT TTTVTTTTTTTTTTITT TTT TTT TTT TTT tye 
ln "yayoed ,/ 
le aya JO Pyaty yybus] eyep ay} WoJj p|aye}ND}e9 St Jayoed yo yybua] ay x/ 
Ie "yayoed ayy JO Pua ayy 03 papuadde $s} wnsyI3y9 at Hs ayt "“juownbye ,/ 
ls ayy Aq 03 payutod yayoed ayy yO wnsyIaYyD 9yy SayNGwod UOLJIUN} SIYL »/ 


POPPUTET TTT TESTES TTT TT TET TTT TTT ET TTETTTTTTETTTTTYTTTITTTTT TTT TTT TTT T Tele 


uY°OSJIJy IPN]IULF 
/~ DNIBHD x/ 


{| 968d J°AIZSHD soweus)l4 





G2?2t 2661/02/60 


74 


APPENDIX C -- TEST/VERIFICATION SOFTWARE SOURCE CODE 

The test and verification software consists of two header files and 
three source files. SERIAL.H contains all of the definitions and declarations 
necessary to initialize and use the RS-232 serial port on an IBM PC 
compatible computer. The routines for initializing and using the port for 
communication are located in SERIAL.C. 

TERM.H contains the definitions and declarations for the main portion 
of the test and verification software. Header files for the Ultra Windows 
library are included to provide definitions and declarations to support the 
library functions used to implement the user interface. Constants used to 
define the FERRO commands and packet structure are also defined here. 

TERM.C contains the routines that control and interact with the user 
interface. The routines to display menus and windows, and implement 
menu selections are also located in this file. The routines to send, receive 


and display packets are located in the file T PACKET.C. 
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